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ABSTRACT
A s e r i e s  o f  e x p e r im e n ts  was co n d u c ted  in  1972 and 1973 to  
c h a r a c t e r i z e  a v a i l a b l e  b i r d - r e s i s t a n t  g r a i n  sorghum h y b r id s  (Sorghum 
b i c o l o r  (L . )  Moench) f o r  g r a i n  ta n n in  c o n t e n t ,  to  d e te rm in e  th e  e f f e c t s  
o f  l o c a t i o n y s o i l  f e r t i l i t y ,  s t a g e  o f  m a t u r a t i o n ,  and p a r t i a l  s h a d in g  
on g r a i n  ta n n in  c o n t e n t ,  and to  s tu d y  th e  r e l a t i o n s h i p  be tw een  ta n n in  
c o n t e n t  and in  v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e .  T annin  was d e te rm in e d  
by th e  v a n i l l i n - H C l  m ethod. Dry m a t t e r  d i s a p p e a r a n c e  was d e te rm in e d  
by th e  tw o - s ta g e  T e r ry  and T i l l e y  method w ith  c e r t a i n  m o d i f i c a t i o n s .
P e r c e n t  t a n n in  ranged  from 7 .25  to  2 .3 6  f o r  th e  34 b i r d - r e s i s ­
t a n t  h y b r id s  e v a l u a te d  in  1972 and 1973. Three  h y b r id s  e x h i b i t e d  
t a n n in  v a lu e s  above 7%, w h i le  f i v e  h y b r id s  had  ta n n in  v a lu e s  o f  47, o r  
lo w e r .  The o t h e r  h y b r id s  had i n t e r m e d i a t e  ta n n in  c o n t e n t .  V a r i a t i o n  
in  ta n n in  c o n t e n t  was p ro b a b ly  r e l a t e d  to  the  g e n e t i c  makeup o f  the  
h y b r i d s .
S i g n i f i c a n t  d i f f e r e n c e s  f o r  p e r c e n t  ta n n in  o c c u r r e d  among the  
h y b r id s  a t  a l l  l o c a t i o n s  in  1972, 1973 and in  th e  combined y e a r  a n a l y ­
s i s .  S i g n i f i c a n t  l o c a t i o n  X h y b r id  i n t e r a c t i o n s  w ere o b ta in e d  in  bo th  
y e a r s .  These i n t e r a c t i o n s  w ere due to  b o th  d i f f e r e n c e s  in  m agn itude  o f  
r e s p o n s e  and r e v e r s a l s  in  ra n k in g  among h y b r i d s .  L o c a t io n s  and y e a rs  
s i g n i f i c a n t l y  i n f l u e n c e d  g r a i n  ta n n in  c o n t e n t .  H ig h ly  s i g n i f i c a n t  f i r s t  
and second  o r d e r  i n t e r a c t i o n s  o f  th e  main e f f e c t s ,  y e a r ,  l o c a t i o n  and 
h y b r id  w ere  o b ta in e d .
v i i i
V a r i a t i o n  in  t a n n in  c o n t e n t  w i th  s t a g e  o f  g r a i n  m a tu r a t i o n  was 
p ro b a b ly  a h y b r id  s p e c i f i c  r e a c t i o n .  A te n d en cy  was n o te d  f o r  the  
h y b r id s  t o  have  low er ta n n in  c o n t e n t  a t  m a t u r i t y  th an  a t  th e  dough 
s t a g e  o f  g r a i n  d ev e lo p m en t .  G ra in  ta n n in  was m arked ly  red u ce d  when 
im m ature g r a i n  sam ples  were s t o r e d  u n d e r  r e f r i g e r a t i o n  a t  -2  C f o r  
t h r e e  m onths .
The a d d i t i o n  o f  n i t r o g e n  and phosphorus  to  th e  s o i l  w i th  and 
w i th o u t  p o ta s s iu m  may h av e  r e s u l t e d  in  d e c r e a s e d  g r a i n  t a n n in  a s  com­
pa red  to  th e  c o n t r o l .  P a r t i a l  s h a d in g  s i g n i f i c a n t l y  red u ce d  th e  g r a in  
t a n n in  c o n t e n t  o f  two h y b r i d s .
An in v e r s e  r e l a t i o n s h i p  e x i s t e d  betw een g r a i n  t a n n in  c o n t e n t  and 
in  v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e  as  i n d i c a t e d  by c o r r e l a t i o n  c o e f f i ­
c i e n t s  o f  -0 .8 1 4  and -0 .6 1 6  o b ta in e d  from d a t a  c o l l e c t e d  from two l o c a ­
t i o n s  i n  1973.
The d a t a  s u g g e s t  t h a t  s u f f i c i e n t  v a r i a b i l i t y  in  t a n n in  c o n t e n t  
e x i s t s  among p r e s e n t l y  a v a i l a b l e  b i r d - r e s i s t a n t  g r a i n  sorghum h y b r id s  
to  p e rm i t  s e l e c t i o n  o f  low er t a n n in  ty p e s  w hich would have  r e s i s t a n c e  
to  b i r d  d e p r e d a t io n  and g r a i n  d e t e r i o r a t i o n  in  th e  f i e l d  and improved 
g r a i n  d i g e s t i b i l i t y  a t t r i b u t e s .
i x
INTRODUCTION
G ra in  sorghum (Sorghum b i c o l o r  (L . )  Moench) r a n k s  f i f t h  i n  a c r e ­
age  o f  th e  c ro p s  o f  th e  w o r ld ,  b e in g  exceeded  by w h e a t ,  r i c e ,  c o r n ,  and 
b a r l e y  ( M a r t in ,  1970).  I t  i s  grown l a r g e l y  in  r e g io n s  o f  A f r i c a ,  A s ia ,  
N orth  A m erica , and A u s t r a l i a  t h a t  a r e  too  d ry  and h o t  f o r  s u c c e s s f u l  
c o rn  p r o d u c t i o n .  G ra in  sorghum may p ro d u ce  h i g h e r  y i e l d s  than  o t h e r  
g r a i n  c ro p s  u n d e r  d r y ,  h o t  c o n d i t i o n s  b e c a u se  th e  c ro p  h a s  h ig h  r e ­
s i s t a n c e  to  d e s s i c a t i o n ,  an  e x t e n s i v e  f i b r o u s  r o o t  sy s te m ,  and h as  
waxy c u t i c l e s  on the  l e a v e s  and s t a l k s  t h a t  r e t a r d  w a te r  l o s s  from the  
p l a n t  (Leonard  and M a r t in ,  1973; Kramer and R oss ,  1970).
Sorghum i s  u sed  a s  a b a s i c  food and feed  in  many p a r t s  o f  A sia  
and A f r i c a .  In  th e  U n ite d  S t a t e s ,  i t  i s  p r i m a r i l y  used  a s  a feed  f o r  
l i v e s t o c k .  R esea rc h  f i n d i n g s  show t h a t  p r o p e r ly  f o r t i f i e d ,  good q u a l ­
i t y  sorghum g r a in  com pares f a v o r a b ly  w i th  co rn  in  d i e t s  f o r  grow ing and 
f i n i s h i n g  swine (H a le  and Lyman, 1961 ) .  As a human fo o d ,  an  o b j e c t i o n ­
a b l e  f e a t u r e  seems to  be a s s o c i a t e d  w ith  th e  seed  c o a t  c o l o r  (Yasumatsu 
e t  a l . ,  1965).  In  a d d i t i o n ,  t h e r e  a r e  r e p o r t s  which show t h a t  p igm ent 
p r e c u r s o r s  w hich become v i s i b l e  upon a d d i t i o n  o f  a c i d  o r  a l k a l i  may 
le a c h  o u t  d u r in g  s t e e p i n g  o p e r a t i o n  f o r  w et m i l l i n g .  T h is  r e s u l t s  in  
a s l i g h t l y  brown o r  p i n k i s h  o f f - c o l o r  o f  th e  p ro d u c t  ( B l e s s i n  e t  a l . ,  
1963).
One o f  th e  f a c t o r s  t h a t  seem to  p r e c lu d e  th e  l a r g e  s c a l e  p l a n t ­
in g  o f  t h i s  c ro p  i s  th e  heavy  seed  lo s s  from b i r d  d e p r e d a t i o n .  Damage
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t o  sorghum h y b r id s  t h a t  a r e  n o t  b i r d - r e s i s t a n t  h a s  ru n  a s  h ig h  a s  1 0 0 % 
In  e x p e r im e n ta l  p l o t s  in  G e o rg ia  ( H a r r i s ,  19 6 9 ) .  In  A r iz o n a ,  V o ig t  
(1966) r e p o r t e d  l o s s e s  r a n g in g  from 48 to  63% w h i le  in  L o u i s i a n a ,
T ip to n  e t  a l .  (1970) r e p o r t e d  s e e d  l o s s e s  from l e s s  th an  1% to  a s  h ig h  
a s  80% in  e x p e r im e n ta l  p l o t s .  The m ag n itu d e  o f  se e d  l o s s e s  depends  on 
th e  s u s c e p t i b i l i t y  o f  th e  h y b r id s  to  b i r d  damage and th e  p r e s e n c e  o f  
p e rc h  and r o o s t i n g  h a b i t a t  t h a t  a r e  s u i t a b l e  to  s u p p o r t  l a r g e  b i r d  
p o p u l a t i o n s .  The trem endous amount o f  l o s s e s  due to  b i r d  d e p r e d a t i o n  
h a s  fo c u se d  i n t e r e s t  on th e  p r o d u c t i o n  o f  b i r d - r e s i s t a n t  h y b r i d s .
D u r in g  r e c e n t  y e a r s  b i r d - r e s i s t a n t  h y b r i d s  w ere u sed  by sorghum grow­
e r s  p a r t i c u l a r l y  i n  a r e a s  w here  heavy  b i r d  p o p u la t io n s  w ere  e x p e c te d  
to  o c c u r .
The p re s e n c e  o f  a  b i t t e r  s u b s t a n c e  in  th e  g r a i n  h a s  been  c o n ­
s i d e r e d  r e s p o n s i b l e  f o r  th e  b i r d  r e s i s t a n c e  o f  some sorghum h y b r i d s .  
T h is  b i t t e r  s u b s t a n c e  i s  c h e m ic a l ly  known a s  t a n n i n .  D a ta  i n d i c a t e  
t h a t  t h e  low p a l a t a b l l l t y  o f  some sorghum g r a i n  i s  l a r g e l y  due to  h ig h  
ta n n in  c o n t e n t  ( F u l l e r  e t  a l . ,  1966 ) .  T ann in  c o n t e n t  o f  sorghum v a r i e s  
g r e a t l y  among h y b r id s  and v a r i e t i e s .  C e r t a i n  r e p o r t s  s u g g e s t  t h a t  t a n ­
n in  c o n t e n t  o f  g r a i n  sorghum i s  i n f l u e n c e d  by p e r i c a r p  c o l o r ,  p r e s e n c e  
o r  a b s e n c e  o f  a p igm en ted  t e s t a  and e n v i ro n m e n ta l  c o n d i t i o n s  (Maxson e t  
a l . ,  19 7 2 ) .  However, th e  s p e c i f i c  e n v i ro n m e n ta l  c o n d i t i o n s  a f f e c t i n g  
ta n n in  c o n t e n t  o f  g r a i n  sorghum a r e  n o t  known.
T h is  s tu d y  was c o n d u c ted  w i th  th e  fo l lo w in g  o b j e c t i v e s :
a)  To c h a r a c t e r i z e  a v a i l a b l e  b i r d - r e s i s t a n t  g r a i n  sorghum h y ­
b r i d s  f o r  t a n n i n  c o n t e n t  o f  th e  g r a i n .
b) To d e te rm in e  th e  e f f e c t  o f  such  f a c t o r s  a s :  p r o d u c t i o n  
l o c a t i o n ,  s o i l  f e r t i l i t y ,  s t a g e  o f  g r a i n  m a t u r a t i o n , a n d  p a r t i a l  s h a d in g  
on t a n n in  c o n t e n t  o f  th e  g r a i n .
c) To s tu d y  th e  r e l a t i o n s h i p  be tw een  in  v i t r o  d i g e s t i b i l i t y  
and t a n n in  c o n t e n t  o f  g r a i n  p roduced  by c e r t a i n  b i r d - r e s i s t a n t  g r a i n  
sorghum h y b r i d s .
REVIEW OF LITERATURE
A s u rv e y  o f  th e  l i t e r a t u r e  r e v e a l e d  t h a t  n o t  much work h a s  been 
done on th e  e f f e c t  o f  e n v i ro n m e n ta l  c o n d i t i o n s  on ta n n in  c o n t e n t  o f  
g r a i n  sorghum . M ost o f  th e  p u b l i s h e d  work on t a n n in  c o n t e n t  o f  g r a i n  
sorghum d e a l t  w i th  r e l a t i n g  t a n n in  c o n t e n t  to  f e e d in g  v a l u e  o f  the  
g r a i n .  Some work h a s  been  c o n d u c te d  on th e  ta n n in  c o n t e n t  o f  s e r i c e a  
l e s p e d e z a  (L espedeza  c u n e a ta  (Dumont) G. Don) and th e s e  p u b l i s h e d  r e ­
p o r t s  a r e  p r e s e n te d  i n  t h i s  re v ie w  a l s o .
B ird  R e s i s t a n c e
When g iv e n  a c h o ic e  o f  f e e d in g  m a t e r i a l ,  b i r d s  w i l l  n o t  n o rm a l ly  
d e p r e d a te  b i r d - r e s i s t a n t  g r a i n  sorghum ( H a r r i s ,  1969 ) .  T h is  i s  p e r ­
h a p s  r e l a t i v e  t o  t h e  b i r d  p o p u l a t i o n ,  o t h e r  f e e d i n g  c h o i c e s  and many 
o t h e r  f a c t o r s .
T h e re  a r e  two s c h o o ls  o f  th o u g h t  c o n c e rn in g  th e  m echanism  o f  
b i r d  r e s i s t a n c e  o f  g r a i n  sorghum . R e s i s t a n c e  to  b i r d s  a s  e x h i b i t e d  by 
th e  o p en -h ead ed  h y b r i d s  had been  a t t r i b u t e d  to  th e  p h y s i c a l  c h a r a c t e r  
o f  th e  h e a d .  The g e n e r a l  c o n s e n su s  was t h a t  b i r d s  w ere  b e t t e r  a b l e  to  
p e rc h  on th e  h ead s  o f  co m p ac t-h ead ed  h y b r i d s  th a n  th e y  w ere  on th e  open ­
headed  h y b r i d s .  However, T ip to n  e t  a l .  (1970) r e p o r t e d  t h a t  e v a l u a t i o n  
f o r  b i r d  r e s i s t a n c e  b a se d  on h ead  ty p e  a lo n e  c o u ld  be m i s l e a d i n g .  A 
more v a l i d  c o n t e n t i o n  c o n c e r n in g  th e  mechanism o f  b i r d  r e s i s t a n c e  i s
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5th e  p r e s e n c e  o f  an a s t r i n g e n t  compound in  th e  g r a i n .  York and Thurman 
(1962'' r e p o r t e d  t h a t  th e  a p p a r e n t  b i r d  r e s i s t a n c e  o f  a  sorghum d e v e l ­
oped in  A rk a n sa s ,  ’AKS 6 1 4 , ’ was due to  th e  p r e s e n c e  o f  a b i t t e r  s u b ­
s t a n c e  in  th e  e a r l y  s t a g e s  o f  seed  d ev e lo p m en t .  T h is  b i t t e r  s u b s t a n c e ,  
a  form o f  t a n n i n ,  c au sed  b i r d s  to  r e j e c t  th e  g r a i n  e s p e c i a l l y  d u r in g  th e  
r .i iik  s t a g e .  T h is  ta n n in  seems to  be found in  th e  brown n u c e l l u l a r  l a y e r  
o f  th e  g r a i n  ( H a r r i s ,  1969; H a r r i s  e t  a l . ,  1970).  I n h e r i t a n c e  s t u d i e s  
showed t h a t  two com plem entary  f a c t o r s ,  B^ and B2 , a r e  r e s p o n s i b l e  f o r  
th e  p r e s e n c e  o f  a  s u b c o a t .  Brown p e r i c a r p  r e s u l t e d  when B^B2 and S w ere  
dom inan t and th e s e  brown g r a i n s  p o s s e s s e d  a s u b c o a t  (W a n ja r i  and Y ork, 
1972).
N a tu re  and P r o p e r t i e s  o f  T ann in
B l e s s i n  e t  a l .  (1963) s u g g e s te d  t h a t  th e  a s t r i n g e n t  f l a v o r  in  
b ro w n -seed ed  sorghum was due to  th e  p r e s e n c e  o f  a n th o c y a n o g e n s . T h is  
compound h a s  been  s u g g e s te d  a s  a p r e c u r s o r  o f  condensed  t a n n in s  (Roux, 
1957; B a te -S m ith  and Sw ain , 1967).  In  1969, B a te -S m ith  and R asper  i d e n ­
t i f i e d  th e  p r i n c i p a l  t a n n in  o f  sorghum as  a  l e u c o - a n th o c y a n in  y i e l d i n g  
l u t e o - l i n i d i n  (3 * ,  4 ' ,  5 , 7- t e t r a h y d r o x y f l a v y l iu m )  when h e a t e d  w i th  
m in e r a l  a c i d .  T h is  compound i s  found o n ly  in  th e  g r a s s  t r i b e  Andro- 
pogoneae w hich in c lu d e s  sorghum. I t  h as  an a b s o r p t i o n  maximum a t  496 mu 
w a v e - le n g th .  The b a s i c  s t r u c t u r e  o f  l u t e o l i n i d i n  i s  shown below .
6T ann in  C o n te n t  and G ra in  D e t e r i o r a t i o n
In  some sorghum grow ing  a r e a s ,  t h e r e  a r e  t im es  d u r in g  th e  m a tu r ­
in g  and h a r v e s t i n g  p e r io d  when th e  w e a th e r  I s  c lo u d y  and hum id . When 
t h i s  ty p e  o f  w e a th e r  p r e v a i l s  a f t e r  sorghum g r a i n  h a s  re a c h e d  p h y s io ­
l o g i c a l  m a t u r i t y ,  se e d  g e r m in a t io n  i n  th e  s t a n d i n g  h ead  o f t e n  o c c u r s .  
T h is  i s  u s u a l l y  o b s e rv e d  on w h i t e ,  red  o r  y e l lo w -s e e d e d  sorghum low in  
t a n n i n .  In  1970, H a r r i s  and Burns s t u d i e d  th e  i n f l u e n c e  o f  t a n n in  c o n ­
t e n t  on p r e h a r v e s t  seed  g e rm in a t io n  o f  s e v e r a l  sorghum h y b r i d s .  They 
found t h a t  h ig h  t a n n in  h y b r i d s  were s i g n i f i c a n t l y  low er in  p r e h a r v e s t  
se e d  g e r m in a t io n  th a n  low t a n n i n  h y b r i d s .  The c o r r e l a t i o n  c o e f f i c i e n t  
betw een g e m i n a t i o n  in d e x  and a s t r i n g e n t  t a n n in  c o n t e n t  was n e g a t iv e  
and h i g h l y  s i g n i f i c a n t  ( r  > - 0 . 8 3 ) .  T h is  s u g g e s t s  t h a t  t a n n in  i s  i n ­
v o lv e d  in  th e  mechanism o f  e a r l y  seed  dorm ancy. They h y p o th e s i z e d  t h a t  
ta n n in  i n h i b i t e d  p r e h a r v e s t  se e d  g e m i n a t i o n  by i n a c t i v a t i n g  g e m i n a t i o n  
enzym es. In  a  l a t e r  s t u d y ,  H a r r i s  and Burns (1973) found t h a t  seed  t a n ­
n in  c o n t e n t  was s t r o n g l y  c o r r e l a t e d  w i th  p r e h a r v e s t  seed  m o ld ing .
( r  > -0 .8 9 * *  a t  E x p er im en t and r  > -0 .9 2 * *  a t  M i d v i l l e ,  G e o r g ia ) .  They 
co n c lu d ed  t h a t  79 and 85% o f  t h e  v a r i a b i l i t y  among h y b r id s  f o r  seed  
mold i n d i c e s  a t  E x p er im en t and M i d v i l l e ,  G e o rg ia ,  r e s p e c t i v e l y ,  was due 
to  h ig h  seed  t a n n i n .
The i n h i b i t i o n  o f  s eed  g e m i n a t i o n  may be d i s a d v a n ta g e o u s  in  
r e l a t i o n  to  v o l u n t e e r  sorghum in  s u c c e e d in g  c r o p s .  B ie b e r  and Merwine 
(1971) r e p o r t e d  t h a t  v o l u n t e e r  sorghum may be a  s e r i o u s  p rob lem  in  row 
c ro p s  i f  t h e  s e e d s  s h a t t e r  and p e r s i s t  in  th e  s o i l .
In  o t h e r  s p e c i e s ,  t a n n in  compounds a c t  a s  c e l l u l a s e  i n h i b i t o r s  
(S m art e t  a l . ,  1961 ) .  A t a n n in  compound i s o l a t e d  from th e  s e e d  o f  
L e o t i  sorghum r e p o r t e d l y  a c t s  a s  an  am y lase  i n h i b i t o r  (S tru m e y e r  and 
M a l in ,  19 6 9 ) .  In  1965, Swain r e p o r t e d  t h a t  t a n n in  i n h i b i t e d  grow th 
o f  fu n g i  grown u n d e r  l a b o r a t o r y  c o n d i t i o n s  and I n d i c a t e d  t h a t  grow th  
r e d u c t io n  may hav e  been  due to  th e  p r o t e i n - b i n d i n g  c a p a c i t y  o f  t a n n in  
and th e  a d v e r s e  e f f e c t  o f  t a n n in  on many enzyme s y s te m s .
T an n in  C o n te n t  and F eed in g  V alue
T an n in  c o n t e n t s  in  b ro w n -seed ed  sorghum ranged  from 1 .3  to  2.0% 
compared to  a ra n g e  o f  0 .2  to  0.4% in  o t h e r  common v a r i e t i e s  a s  d e t e r ­
mined by th e  F o l in - D e n i s  r e a g e n t  method (W all and B l e s s i n ,  1970 ) .  High 
t a n n in  l e v e l s  a r e  th o u g h t  to  a f f e c t  th e  p a l a t a b i l i t y  o f  g r a i n  sorghum 
in  fe e d  r a t i o n s .  R esea rc h  r e s u l t s  u s i n g  sorghum seed  o f  v a r i o u s  c o l o r s  
a s  th e  p r im a ry  s o u r c e  o f  g r a i n  i n  p o u l t r y  r a t i o n s  have  been  somewhat 
i n c o n s i s t e n t .  T hayer  e t  a l .  (1957) found no c o n s i s t e n t  r e l a t i o n s h i p  
be tw een  sorghum s e e d  c o l o r  and  grow th  r a t e  o f  b r o i l e r s .  They found 
c o n s i d e r a b l e  v a r i a t i o n  among sorghum v a r i e t i e s  in  p r o t e i n  c o n t e n t .
They s u g g e s te d  t h a t  th e  c o n c e n t r a t i o n  o f  p r o t e i n  in  th e  g r a i n  was o f  
g r e a t e r  im p o r ta n c e  th a n  se e d  c o l o r .
In  1964, Chang and F u l l e r  r e p o r t e d  t h a t  th e  f e e d in g  v a lu e  o f  
b ro w n -seed ed  sorghum g r a i n  was lo w er  th a n  t h a t  o f  r e d  o r  y e l lo w -s e e d e d  
v a r i e t i e s  when fed  to  g row ing  c h i c k s .  They co n c lu d ed  t h a t  th e  m agn i­
tu d e  o f  grow th  r e t a r d a t i o n  was s i m i l a r  to  t h a t  o b ta in e d  from f e e d in g  
e q u i v a l e n t  am ounts o f  t a n n ic  a c i d .  In  a  l a t e r  e x p e r im e n t ,  F u l l e r  e t
8a l .  (1966) found g row th  to  be  d e p r e s s e d  viien sorghum g r a i n  c o n t a i n i n g  
1.67a o r  more o f  t a n n in  w ere  fed  a s  50% o f  t h e  d i e t .  However, th e  
grow th  d e p r e s s i o n  c a u s e d  by h ig h  ta n n in  c o n t e n t  sorghum c o u ld  b e  a l l e ­
v i a t e d  by ad d in g  m e th io n in e  o r  c h o l i n e  t o  th e  d i e t s .  They co n c lu d e d  
t h a t  t h e s e  b i o l o g i c a l  m e th y l  g roup  d o n o rs  p ro v id e d  m e th y l g ro u p s  f o r  
d e t o x i f i c a t i o n  o f  th e  p h e n o l i c  compound. On th e  o t h e r  h a n d ,  Damron 
e t  a l .  (1968) r e p o r t e d  no d e p r e s s i o n  in  fe e d  i n t a k e  o r  body w e ig h t  
g a in  f o r  b r o i l e r s  fed  d i e t s  in  w hich t h r e e  d i f f e r e n t  s o u r c e s  o f  b i r d -  
r e s i s t a n t  sorghum g r a i n  w ere  s u b s t i t u t e d  f o r  o n e - h a l f  o f  th e  y e l lo w  
c o rn .
The e f f e c t  o f  t a n n i c  a c i d  on y o lk  m o t t l i n g  was a l s o  s t u d i e d .
T an n ic  a c i d  a t  1 .0  and 2.0% o f  th e  d i e t  o f  l a y in g  h en s  was r e p o r t e d  to  
I n c r e a s e  y o lk  m o t t l i n g  ( P o t t e r  e t  a l . ,  1967).  In  a com parison  o f  y e l lo w ,  
b ro n z e  and r e d  sorghum ( 6 6 % o f  th e  d i e t s ) ,  H a l l o r a n  and Maunder (1971) 
found no o f f - c o l o r  o r  m o t t l e d  y o lk s  even a f t e r  s t o r a g e  f o r  26 d ay s  a t  
13°C. L a t e r  s t u d i e s  r e p o r t e d  by F ry  e t  a l .  (1972) showed t h a t  y o lk  
m o t t l i n g  was s i g n i f i c a n t l y  i n c r e a s e d  o n ly  when th e  h en s  w ere  fed  t a n n i c  
a c i d  a s  2 .0  and 4.0% o f  th e  d i e t .  They c o n c lu d e d  t h a t  b i r d - r e s i s t a n t  
sorghum g r a i n  c o u ld  r e p l a c e  60% o f  th e  y e l lo w  c o m  in  l a y in g  h en  d i e t s  
w i t h o u t  a f f e c t i n g  y o lk  m o t t l i n g .  They f u r t h e r  s t a t e d  t h a t  a  100% s u b ­
s t i t u t i o n  o f  m a tu re  g r a i n  o f  a  b i r d - r e s i s t a n t  v a r i e t y  would n o t  l i k e l y  
hav e  any  d e l e t e r i o u s  e f f e c t  on y o lk  m o t t l i n g  o r  d i s c o l o r a t i o n .
In  r u m in a n ts ,  one o f  th e  most c o m p re h en s iv e  s t u d i e s  com paring  
th e  r e l a t i v e  f e e d in g  v a l u e  o f  d i f f e r e n t  v a r i e t i e s  o f  sorghum g r a i n  was 
r e p o r t e d  by McGinty ( 1 9 6 8 ) .  He u se d  se e d  p ro d u ced  u n d e r  th e  same e n ­
v i r o n m e n ta l  c o n d i t i o n s  to  i n s u r e  g r e a t e r  a c c u ra c y  in  m e asu r in g  v a r i e t a l
9d i f f e r e n c e s .  'D a r s e t  # 2 8 '  and 'S h a n tu n g  K a o l i a n g '  (b ro w n -see d ed )  had  
s i g n i f i c a n t l y  lo w er  c o e f f i c i e n t s  o f  d i g e s t i b i l i t y  f o r  i n  v i t r o  d r y  m a t­
t e r  d i s a p p e a r a n c e  th a n  w h i t e ,  re d  o r  y e l lo w -s e e d e d  sorghum v a r i e t i e s .
In  a n o t h e r  e x p e r im e n t  McGinty and  R iggs (1968) found t h a t  th e  a d d i t i o n  
o f  p e r i c a r p  o f  'D a r s e t  # 2 8 '  and 'K a o l i a n g '  to  a  common endosperm  d e ­
c r e a s e d  g as  p r o d u c t i o n  i n d i c a t i n g  a  d e c r e a s e  in  d i g e s t i b i l i t y  in  an  in  
v i t r o  d i g e s t i b i l i t y  s tu d y .  The f a c t o r s  r e s p o n s i b l e  f o r  th e  d e c r e a s e  in  
d i g e s t i b i l i t y  o f  D a r s e t  and K a o lia n g  w ere  a p p a r e n t l y  in  th e  p e r i c a r p  
(McGinty e t  a l . ,  1969 ) .
Loyacano e t  a l .  (1972) compared th e  f e e d in g  e f f i c i e n c y  o f  a  
b i r d - r e s i s t a n t  g r a i n  sorghum ( 'F u n k  B R -79 ')  to  t h a t  o f  c o m  fed  to  
s t e e r  c a l v e s .  T h e i r  d a t a  showed t h a t  c a l v e s  on f i n i s h i n g  r a t i o n  fed  
w ith  1007. g r a i n  sorghum y i e l d e d  lo w er  a v e ra g e  d a i l y  g a in  i n  w e ig h t  th a n  
c a l v e s  fed  w i th  1007o c o m .  The a v e ra g e  amount o f  fe e d  consumed p e r  100 
lb s  g a in  i n  w e ig h t  o f  th e  s a l v e s  fe d  w i th  1007=, g r a i n  sorghum was h i g h e r  
th an  th o s e  fed  w i th  1007=, c o rn .
In  s w in e ,  s e v e r a l  r e p o r t s  show t h a t  p r o p e r l y  f o r t i f i e d ,  good 
q u a l i t y  sorghum g r a i n  com pares f a v o r a b l y  w i th  c o rn  ( H i l l i e r  e t  a l . ,  
1959; H a le  and Lyman, 19 6 1 ) .  P ig s  fed  w i th  sorghum g r a i n s  g a i n  r a p i d l y  
b u t  r e q u i r e  5-107. more fe e d  to  p ro d u c e  100 pounds o f  g a in  a s  compared 
to  c o r n .  In  a s tu d y  com paring  th e  r e l a t i v e  f e e d in g  v a l u e  o f  s i x  v a r i e ­
t i e s  o f  g r a i n  sorghum , H i l l i e r  e t  a l .  (1959) r e p o r t e d  t h a t  p i g s  fed  on 
' D a r s e t , '  a b row n-seeded  v a r i e t y  h ig h  i n  t a n n i n ,  r e q u i r e d  137. more feed  
p e r  pound o f  g a i n .  The r e s u l t s  seemed to  im ply  t h a t  t a n n in s  may low er 
d i g e s t i b i l i t y  o f  d ry  m a t t e r  o r  d e p r e s s  m e ta b o l i c  e f f i c i e n c y .  A cco rd in g
t o  Q u ls e n b e r ry  and T a n a k le y  ( 1 9 7 0 ) ,  u n p u b l i s h e d  d a t a  o f  T a n sk le y  and 
Lyman showed t h a t  t a n n i c  a c i d  I n h i b i t e d  th e  enzyme a l d o l a s e  w hich Is  
im p o r ta n t  in  g l y c o l y s i s .  I c a z a  and T h r a s h e r  (1972) e v a l u a t e d  th e  
f e e d in g  v a l u e  o f  s e v e r a l  g r a i n  sorghum h y b r i d s  grown in  L o u i s i a n a .
T h e i r  d a t a  r e v e a l e d  t h a t  th e  n o n - b i r d - r e s i s t a n t  h y b r id  ( 'F u n k  5 2 2 ')  
had  a  h i g h e r  f e e d in g  v a lu e  th a n  m ost o f  th e  b i r d - r e s i s t a n t  h y b r i d s  u sed  
in  t h e i r  t e s t .  However, Funk BR-79 h y b r id  r e s u l t e d  in  g a i n s  and feed  
c o n v e r s io n s  s i m i l a r  to  th o s e  o f  th e  n o n - b i r d - r e s i s t a n t  h y b r id  (Funk 
5 2 2 ) .  Based on t h e i r  r e s u l t s ,  th e y  s p e c u l a t e d  t h a t  i t  i s  p o s s i b l e  to  
f i n d  sorghums w hich e x h i b i t  b o th  a r e l a t i v e l y  h ig h  f e e d in g  v a l u e  and 
th e  b i r d - r e s i s t a n t  p r o p e r t y .
The r e l a t i o n s h i p  be tw een  ta n n in  c o n t e n t  and in  v i t r o  d ry  m a t t e r  
d i s a p p e a r a n c e  was s t u d i e d  by H a r r i s  e t  a l .  (1970) i n  G e o rg ia .  In c lu d e d  
in  t h e i r  s tu d y  w ere  14 brown, f o u r  r e d ,  one y e l lo w  and one t a n - s e e d e d  
h y b r i d s .  They found t h a t  a  h i g h l y  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  
( r  = - 0 .9 1 )  e x i s t e d  be tw een  ta n n in  c o n t e n t  and i n  v i t r o  d ry  m a t t e r  d i s ­
a p p e a r a n c e .  B row n-seeded  h y b r id s  w ere  a p p ro x im a te ly  3% h i g h e r  in  t a n n in  
th a n  e i t h e r  th e  red  o r  y e l lo w -s e e d e d  h y b r i d s  and c o r r e s p o n d i n g l y ,  th e y  
w ere  red u ce d  more th a n  1 0% in  d r y  m a t t e r  d i s a p p e a r a n c e .
T ann in  c o n t e n t  o f  s e r i c e a  le s p e d e z a  h a s  been  r e p o r t e d  to  be one 
o f  th e  m a jo r  c a u s e s  o f  low n u t r i t i v e  v a l u e  o f  t h i s  f o r a g e  (D o n n e lly  and 
A nthony , 1969).  Low ta n n in  s e r i c e a  was h i g h e r  in  d ry  m a t t e r  d i g e s t i b i l ­
i t y  th a n  h ig h  t a n n in  s e r i c e a  a s  i n d i c a t e d  by th e  in  v iv o  n y lo n  bag  t e c h ­
n iq u e  (D o n n e lly  and A nthony , 1969; D o n n e lly  and A nthony, 19 7 0 ) .  An 
in  v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e  s tu d y  a l s o  showed t h a t  low ta n n in
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s e r i c e a  was c o n s i s t e n t l y  a b o u t  25% h i g h e r  i n  in  v i t r o  d ry  m a t t e r  d i s a p ­
p e a ra n c e  th a n  h ig h  t a n n in  s e r i c e a  o v e r  y e a rB ,  h a r v e s t s ,  and  l o c a t i o n s  
(Cope, and B u rn s ,  1 9 7 1 ) .  The r e s u l t s  s t r o n g l y  s u p p o r t  t h e  c o n c l u s i o n  
t h a t  t a n n in  was th e  c a u s e  o f  i n  v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e  d i f f e r ­
en c e s  betw een low and h ig h  t a n n in  g e n o ty p e s .
F a c t o r s  I n f l u e n c i n g  T ann in  C o n te n t
S e v e r a l  f a c t o r s  seem to  i n f l u e n c e  t a n n i n  c o n t e n t  o f  g r a i n  s o r ­
ghum and o t h e r  c ro p  s p e c i e s .  In  g r a i n  sorghum , H a r r i s  e t  a l .  (1970) 
d e m o n s t r a te d  t h a t  b a g g in g  p a n i c l e s  b e f o r e  o r  im m e d ia te ly  f o l lo w in g  
a n t h e s i s  s i g n i f i c a n t l y  red u ce d  th e  t a n n in  c o n t e n t  o f  b ro w n -seed ed  
h y b r i d s .  They f u r t h e r  s t a t e d  t h a t  th e  i n t e n s i t y  o f  seed  c o l o r  was 
n o t i c e a b l y  r e d u c e d  by b a g g in g .  The s p e c i f i c  f a c t o r s  r e s p o n s i b l e  f o r  
th e  r e d u c t i o n  o f  t a n n in  c o n t e n t  by b a g g in g  h a s  n o t  been  e x p l a i n e d .
S in c e  ta n n in  c o n t e n t  o f  o t h e r  c ro p  s p e c i e s  l i k e  Q uercus  p e d u n c u la ta  
a c c u m u la te s  d u r in g  a c t i v e  p h o t o - s y n t h e s i s  (H athaw ay, 1959 ) ,  i t  i s  p o s ­
s i b l e  t h a t  th e  r e d u c t i o n  in  t a n n in  by b a g g in g  i s  due to  r e d u c t i o n  in  
l i g h t  i n t e n s i t y  w i t h i n  th e  m ic ro -e n v i ro n m e n t  o f  th e  p a n i c l e .
Cuimnlns (1971) s t u d i e d  th e  e f f e c t s  o f  e n s i l i n g  on t a n n i n  c o n t e n t  
and in  v i t r o  d i g e s t i b i l i t y  o f  two r e l a t e d  sorghum h y b r i d s ,  'DeKalb BR-64' 
(h ig h  ta n n in  10.5%) a n d ’DeKalb F - 6 4 ' (low  t a n n i n  4.2%) h a r v e s t e d  a t  th e  
dough s t a g e .  He found t h a t  e n s i l i n g  s i g n i f i c a n t l y  reduced  ta n n in  c o n ­
t e n t  o f  th e  h ig h  t a n n in  h y b r i d ,  b u t  d i d  n o t  a f f e c t  s i g n i f i c a n t l y  th e  
t a n n in  c o n t e n t  o f  t h e  low t a n n in  h y b r i d .  F u r th e rm o re ,  h e  o b s e rv e d  t h a t  
in  v i t r o  d r y  m a t t e r  d i s a p p e a r a n c e  was i n c r e a s e d  by e n s i l i n g .  He
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e x p la in e d  t h a t  th e  added  i n c r e a s e  in  i n  v i t r o  d r y  m a t t e r  d i s a p p e a r a n c e  
a f t e r  e n s i l i n g  was due  to  th e  r e d u c t i o n  o f  th e  d i g e s t i o n  i n h i b i t i n g  
p r o p e r t y  o f  t a n n in  d u r in g  th e  e n s i l i n g  p r o c e s s .
The r e l a t i o n s h i p  betw een tim e o f  h a r v e s t  and t a n n in  c o n t e n t  was 
r e p o r t e d  in  s e p a r a t e  s t u d i e s  c o n d u c te d  by T ip to n  e t  a l .  (1970) and 
B ie b e r  and  Merwine (1 9 7 1 ) .  T ip to n  e t  a l .  (1970) d id  n o t  f i n d  any  a p p r e ­
c i a b l e  r e d u c t i o n  in  t a n n i c  a c i d  and t o t a l  a s t r i n g e n t s  w i th  seed  m a tu r ­
i t y .  On th e  c o n t r a r y ,  B ie b e r  and Merwine (1971) r e p o r t e d  t h a t  when 
th e  g r a i n s  a r e  s m a l l  and d e v e lo p in g ,  th e  p r o p o r t i o n  o f  t a n n in  in  th e  
g r a i n  i s  h i g h e r  th a n  when th e  g r a i n s  a r e  f i l l e d  and m a tu re .  T h e i r  
d a t a  i n d i c a t e  t h a t  t h e  more m a tu re  th e  g r a i n  a t  h a r v e s t  t im e ,  th e  low er 
th e  t a n n in  c o n t e n t  o f  th e  g r a i n .  T h is  a g r e e s  w i th  th e  o p in io n  e x p r e s s e d  
by P r in e  e t  a l .  (1967) t h a t  t a n n i n  c o n t e n t  in  th e  g r a i n  d e c r e a s e d  w i th  
s eed  m a t u r i t y .
The e f f e c t  o f  p r o d u c t io n  l o c a t i o n ,  p e r i c a r p  c o l o r ,  p l a n t  c o l o r  
and p igm en ted  t e s t a  on ta n n in  c o n t e n t  o f  sorghum g r a i n  was s t u d i e d  by 
Maxson e t  a l .  (1972) i n  T exas .  They found t h a t  p e r i c a r p  c o l o r  and 
p re s e n c e  o r  a b se n c e  o f  p igm en ted  t e s t a  s i g n i f i c a n t l y  a f f e c t e d  ta n n in  
c o n t e n t .  The m a jo r  e f f e c t  was a  h ig h  t a n n in  c o n t e n t  a s s o c i a t e d  w i th  
p igm en ted  t e s t a .  T ann in  c o n t e n t  was h i g h e r  i n  g r a i n  w i th  r e d  p e r i c a r p  
than  g r a i n  w i th  w h i t e  p e r i c a r p .  T h e i r  d a t a  a l s o  showed t h a t  e n v i r o n ­
m e n ta l  c o n d i t i o n s  a f f e c t  th e  t a n n in  c o n t e n t  o f  sorghum g r a i n .  However, 
th e  e x a c t  f a c t o r s  a f f e c t i n g  t a n n in  c o n t e n t  w ere  n o t  i n d i c a t e d .
In  s e r i c e a  l e s p e d e z a ,  S t i t t  and C la rk  (1941) r e p o r t e d  t h a t  th e  
t a n n in  in  th e  le a v e s  in c r e a s e d  a s  th e  grow th s e a s o n  p r o g r e s s e d  b u t
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te n d ed  to  d e c r e a s e  a s  th e  p l a n t  rea c h e d  m a t u r i t y .  D o n n e l ly  (1959) 
a l s o  found t h a t  t a n n in  c o n t e n t  o f  s e r i c e a  I n c r e a s e d  w i th  a  r i s e  in  
te m p e r a tu r e  and a  d e c r e a s e  In  r a i n f a l l .  The r e a s o n  f o r  t h i s  k in d  o f  
r e s p o n s e  e x h i b i t e d  i n  s e r i c e a  h a s  n o t  been  a d e q u a te l y  e x p l a in e d .
S o i l  ty p e  and s o i l  f e r t i l i z a t i o n  w ere  th o u g h t  to  a f f e c t  t a n n in  
c o n t e n t  o f  s e r i c e a .  S t i t t  e t  a l .  (1946) r e p o r t e d  th e  r e s u l t s  o f  an 
e x p e r im e n t  w h e re in  a  s i n g l e  c lo n e  o f  s e r i c e a  was grown on s e v e r a l  s o i l  
ty p e s  i n  t h e  same l a t i t u d e  i n  f i e l d  and p o t s .  The ta n n in  c o n t e n t  o f  
t h e  l e a v e s  was found to  v a r y  s i g n i f i c a n t l y  w i th  s o i l  ty p e .  They f u r ­
t h e r  p o in t e d  o u t  t h a t  such  c l i m a t i c  f a c t o r s  a s  l i g h t ,  m o i s t u r e  and 
t e m p e r a tu r e  may h av e  I n f lu e n c e d  th e  t a n n in  p r e s e n t  in  th e  le a v e s  o f  
s e r i c e a .
W ilso n  (1955) d e te rm in e d  th e  e f f e c t  o f  s o i l  f e r t i l i z a t i o n  on th e  
t a n n in  c o n t e n t  o f  s e r i c e a .  He c o n c lu d ed  t h a t  f e r t i l i z e r s  h a v e  l i t t l e ,  
i f  an y ,  e f f e c t  on th e  t a n n in  c o n t e n t  e x c e p t  i n  c a s e s  w here  n u t r i e n t s  
a r e  l i m i t e d  to  th e  p o i n t  t h a t  p l a n t  g row th  i s  s e v e r e l y  i n h i b i t e d .  In  
h i s  e x p e r im e n t ,  th e  o n ly  m a jo r  d i f f e r e n c e  m easu red  was a d e c r e a s e  in  
t a n n in  in  p l a n t s  s u p p l i e d  w i th  60 lb s  I^O p e r  a c r e  com pared w i th  no 
p o ta s s iu m  added in  a N o r f o lk  loamy san d .
MATERIALS AND METHODS
The s tu d y  c o n s i s t e d  o f  t h r e e  p a r t s :  c h a r a c t e r i z a t i o n  o f  th e
ta n n in  c o n t e n t  o f  a v a i l a b l e  b i r d - r e s i s t a n t  g r a i n  sorghum h y b r i d s ,  d e ­
t e r m i n a t i o n  o f  f a c t o r s  a f f e c t i n g  ta n n in  c o n t e n t  o f  g r a i n  sorghum and 
th e  r e l a t i o n s h i p  betw een in  v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e  and ta n n in  
c o n t e n t .
C h a r a c t e r i z a t i o n  o f  T annin  C o n te n t
T e s t s  w ere c o n d u c ted  a t  th e  Burden R esea rc h  C e n te r  i n  B aton  
Rouge on O l i v i e r  s i l t  loam s o i l .  Tw enty-tw o h y b r i d s  w ere  in c lu d e d  in  
th e  1972 t e s t  w h i le  13 h y b r id s  were in c lu d e d  in  th e  1973 t e s t .  A l i s t  
o f  th e  h y b r i d s  u se d  in  b o th  y e a r s  w i th  t h e i r  s e e d  c o a t  c o l o r  i s  p r e ­
s e n t e d  in  T a b le  1. A random ized  c o m p le te  b lo c k  d e s ig n  was u sed  in  b o th  
y e a r s .  I n d i v i d u a l  p l o t s  c o n s i s t e d  o f  two rows 50 f e e t  i n  l e n g th  w i th  
40 in c h e s  be tw een  row s. The 1972 t e s t  was p l a n t e d  on A p r i l  18 and h a r ­
v e s t e d  on A ugust 7. In  1973, th e  t e s t  was p l a n t e d  on A p r i l  25 and h a r ­
v e s t e d  on A ugust 20. Hie 1972 t e s t  a r e a  was f e r t i l i z e d  b e f o r e  p l a n t i n g  
w i th  118 pounds o f  n i t r o g e n ,  72 pounds o f  P2 O5  and  72 pounds o f  K2 O p e r  
a c r e .  The 1973 t e s t  a r e a  was f e r t i l i z e d  w i th  124 pounds o f  n i t r o g e n ,  
b u t  th e  r a t e s  o f  P2 O5  and K2 O w ere  i d e n t i c a l  to  th o s e  u se d  in  1972.
F a c t o r s  A f f e c t i n g  T ann in  C o n te n t
L o c a t io n  -  S ix  g r a i n  sorghum h y b r i d s ,  'ACCO R -1 0 9 3 , '  'AKS 6 1 4 , '  
'DeKalb BR-64,' 'Funk ® -79 ,"N K  Savanna 3 , '  and  *RS 700 ' w ere  p l a n t e d  in  1972
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T a b le  1. L i s t  o f  h y b r id s  e v a l u a t e d  in  t a n n in  c h a r a c t e r i z a t i o n  
e x p e r im e n ts  and t h e i r  se e d  c o l o r
H y b r id Seed  C o lo r H y b r id Seed C o lo r
ACCO R - 1023 d a r k  brown McNair 546 brown
ACCO R-1093 d a r k  brown M cNair 656 brown
ACCO X 9417 BR d a r k  brown McNair 880 r e d d i s h  brown
AKS 614 d a r k  brown N ia g ra  Shoo B ird d a r k  brown
AKS 618 d a r k  brown NK Savanna d a rk  brown
AKS 663 d a r k  brown NK S avanna  2 brown
DeKalb BR-54 d a rk  brown NK Savanna 3 d a r k  brown
DeKalb BR-63 d a r k  brown P e n n g ra in  BR d a r k  brown
DeKalb X 1602 R edd ish  brown P io n e e r  b ra n d B 818 brown
E x c e l  B i rd  Go d a r k  brown P io n e e r  b ra n d X B110 brown
E x c e l  B i rd  Go A d a r k  brown RS 700 ta n
Funk BR-79 d a rk  brown TWO 75 BR d a r k  brown
Funk BR-630 d a rk  brown
Funk G 516 BR d a rk  brown
F r o n t i e r  409 d a r k  brown
H W 3360 d a r k  brown
K B G olden G ra in d a r k  brown
McCurdy 11 brown
McCurdy 13 brown
McCurdy 81 brown
McCurdy 83 d a r k  brown
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and  1973 a t  the f o l l o w in g  b ra n c h  s t a t i o n s  o f  th e  L o u i s i a n a  A g r i c u l t u r a l  
E x p e r im en t  S t a t i o n :  Burden R e s e a rc h  C e n te r  a t  B a ton  Rouge, Dean Lee
A g r i c u l t u r a l  C e n te r  a t  A le x a n d r i a ,  N o r th e a s t  L o u i s i a n a  A g r i c u l t u r a l  
E x p e r im e n t  S t a t i o n  a t  S t .  J o s e p h ,  and th e  Red R iv e r  V a l l e y  A g r i c u l t u r a l  
E x p er im en t S t a t i o n  a t  B o s s i e r  C i t y ,  t t i e s e  h y b r i d s ,  w i th  th e  e x c e p t io n  
o f  o n e ,  a r e  b ro w n -seed ed  and  a r e  c o n s id e r e d  t o  be b i r d - r e s i s t a n t .  RS 
700 h a s  w h i t e  se e d  in  th e  im m ature s t a g e  w hich  tu r n s  ta n  in  c o l o r  a s  
th e  g r a i n  m a tu r e s .  A random ized  b lo c k  d e s ig n  w i th  f o u r  r e p l i c a t i o n s  
was u se d  to  e v a l u a t e  th e  h y b r id s  a t  each  l o c a t i o n  in  b o th  y e a r s .
The t e s t s  co n d u c ted  a t  A le x a n d r i a  w ere  p l a n t e d  on a  Norwood s i l t  
loam s o i l .  Each p l o t  c o n s i s t e d  o f  f o u r  rows 85 f e e t  in  l e n g th  w i th  40 
in c h e s  be tw een  row s. The t e s t  h y b r id s  w ere  p l a n t e d  on A p r i l  18, 1972 
and h a r v e s t e d  on A ugust 31, 1972. P l a n t i n g  and h a r v e s t i n g  d a t e s  f o r  
th e  1973 t e s t s  w ere May 14 and  S ep tem b er  18, r e s p e c t i v e l y .
The t e s t s  a t  B aton  Rouge w ere  p l a n t e d  on O l i v i e r  s i l t  loam s o i l .  
I n d i v i d u a l  p l o t s  c o n s i s t e d  o f  two rows 50 f e e t  in  l e n g th  w i th  40 in c h e s  
be tw een  row s. The 1972 t e s t  was p l a n t e d  on A p r i l  18 and h a r v e s t e d  on 
A ugust 7. The 1973 t e s t  was p l a n t e d  on A p r i l  25 and h a r v e s t e d  on A ugust 
2 0 .
The t e s t s  a t  B o s s i e r  C i ty  w ere  grown on M oreland  c l a y .  Each p l o t  
had  f o u r  rows 2 0  f e e t  i n  l e n g th  w i th  40 in c h e s  be tw een  row s, t h e  t e s t s  
were p l a n t e d  on A p r i l  25, 1972 and on A p r i l  3 0 ,  1973. The t e s t s  w ere
h a r v e s t e d  on A ugust 14 in  b o th  y e a r s .
The t e s t s  a t  S t .  J o se p h  w ere  p l a n t e d  on Mhoon s i l t y  c l a y  loam.
Each p l o t  c o n s i s t e d  o f  fo u r  rows 65 f e e t  in  l e n g th  w i th  40 in c h e s
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between rows.  The t e s t  h y b r i d s  w ere  p l a n t e d  on A p r i l  25 and h a r v e s t e d  
on A ugus t  14,  1972. P l a n t i n g  and h a r v e s t i n g  d a t e s  f o r  1973 were  May 
16 and A ugust  22 ,  r e s p e c t i v e l y .
I n f o r m a t i o n  on th e  amount o f  f e r t i l i z e r s  a p p l i e d  p e r  a c r e  a t  
each  l o c a t i o n  f o r  b o th  y e a r s  i s  g iv e n  i n  T a b l e  2.
T a b le  2.  Amount o f  f e r t i l i z e r s  a p p l i e d p e r  a c r e , 1972 and 1973 t e s t s
Pounds p e r  a c r e  o f  N-P2 O5 - 
K? 0  a p p l i e d
L o c a t i o n  S o i l  type 1972 1973
A l e x a n d r i a  Norwood s i l t  loam 180-48-48 1 2 0 - 0 - 0
Baton Rouge O l i v i e r  s i l t  loam 118-72-72 124-72-72
B o s s i e r  C i t y  M ore land  c l a y 1 2 0 - 0 - 0 0 - 0 - 0
S t .  Jo se p h  Mhoon s i l t y  c l a y  loam 7 0 -0 -0 6 4 - 0 - 0
S ta g e  o f  g r a i n  m a t u r a t i o n  -  Head samples  o f s i x  h y b r i d s  (ACCO
R-1093,  AKS 614,  DeKalb BR-64, Funk BR- 79,  NK Savanna 3 and RS 700)
grown a t  Baton Rouge were  c o l l e c t e d  from t h e  1972 and 1973 r e p l i c a t e d
u n i f o r m  h y b r i d  t e s t .  In  1972, head  samples  were  c o l l e c t e d  a t  t h e  m i l k ,  
dough and m a tu r e  s t a g e  o f  g r a i n  d e v e lo p m e n t .  These  head  samples  
were  s t o r e d  u n d e r  r e f r i g e r a t i o n  a t  -2  C. In 1973,  h e a d s  were  
tagged  a t  random and c u t  a t  15 and 25 days  a f t e r  a n t h e s i s  and a t  the  
m a tu re  s t a g e  o f  g r a i n  d e v e lo p m e n t .  The head  sam ples  were im m e d ia te ly  
o v e n - d r i e d  a t  5 8 .5  C f o r  48 h o u r s  and th e n  a n a l y z e d  f o r  t a n n i n  c o n ­
t e n t .
18
S o i l  f e r t i l i z a t i o n  - Head samples  were c o l l e c t e d  from f e r t i l i t y  
t e s t  p l o t s  a t  A l e x a n d r i a  and Baton Rouge in  1972 and 1973.  At bo th  
l o c a t i o n s ,  a randomized  co m p le te  b lo c k  d e s i g n  w i t h  f o u r  r e p l i c a t i o n s  
was u s e d .  A b ro w n - se e d e d ,  b i r d - r e s i s t a n t  h y b r i d ,  Funk BR-79, was 
grown a t  b o th  l o c a t i o n s .
In  th e  A l e x a n d r i a  f e r t i l i t y  t e s t ,  each  p l o t  c o n s i s t e d  o f  f o u r  
rows 65 f e e t  i n  l e n g t h  w i t h  40 in c h e s  between rows.  The r a t e s  o f  N- 
P 2 0 5 -K2°  a p p l i e d  were :  0 - 0 - 0 ,  0 - 6 0 - 6 0 ,  1 6 0 -0 -0 ,  2 0 0 - 0 - 0 ,  2 0 0 -0 -6 0 ,
2 0 0 -6 0 -0 ,  and 2 0 0 -6 0 -6 0 .  The f e r t i l i z e r s  were  a p p l i e d  p r i o r  to  p l a n t ­
i n g .  The 1972 t e s t  was p l a n t e d  on A p r i l  19 and h a r v e s t e d  on August  28.
I n  1973, the  t e s t  was p l a n t e d  on May 24 and h a r v e s t e d  on S ep tem ber  18.
P l o t s  in  the  Baton Rouge f e r t i l i t y  t e s t  c o n s i s t e d  o f  s i x  4 0 - i n c h  
rows 50 f e e t  long in 1972 and fo u r  4 0 - i n c h  rows 50 f e e t  l o n g  in 1973.
The r a t e s  o f  N - P2 O5 -K2 O a p p l i e d  were:  0 - 6 0 - 6 0 ,  5 0 -6 0 -6 0 ,  100 -60 -60 ,
1 50 -60 -60 ,  2 0 0 -0 -0 ,  2 0 0 -6 0 -0 ,  2 0 0 -0 -6 0 ,  and 2 0 0 -60 -60 .  The f e r t i l i z e r s  
were a p p l i e d  p r i o r  Lo p l a n t i n g .  P l a n t i n g  was done on May 2,  1972 and 
A p r i l  30, 1973. The t e s t s  were h a r v e s t e d  on August  29,  1972 and August  
13,  1973.
S o i l  t e s t  d a t a  f o r  the  e x p e r i m e n t a l  a r e a s  used  in 1972 and 1973 
a r e  g ive n  in T ab ic  3.
P a r t i a l  s h a d in g  - A p r e l i m i n a r y  s tu d y  on the  e f f e c t  o f  p a r t i a l  
s h a d in g  on t a n n in  c o n t e n t  was conduc ted  in 1973. A b row n-seeded  h y b r i d  
NK Savanna  2 and a t a n - s e e d e d  h y b r i d  RS 700 were e v a l u a t e d .  P l a n t s  o f  
t h e  two h y b r i d s  were s u b j e c t e d  to  s h a d in g  a t  h e a d i n g  t ime u n t i l  m a t u r i t y .  
S had ing  was a c c o m p l i sh e d  by c o n s t r u c t i n g  a canopy cove re d  w i t h  a w h i t e ,
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T a b l e  3.  S o i l  t e s t  d a t a  f o r  g r a i n  sorghym f e r t i l i t y  t e s t ,  1972 and 1973
Year L o c a t i o n S o i l type
pH P K Ca
ppm
Mg O.M.
%
1972 A l e x a n d r i a Norwood s i l t  loam 7.6 2 0 1 79 7600 1900 0 .8 5
Baton Rouge O l i v i e r s i l t  loam 5 . 4 108 170 360 131 1.04
1973 A l e x a n d r i a Norwood s i l t  loam 8 . 0 198 91 3160 248 0 .8 3
Baton Rouge L o r in g  s i l t  loam 6 . 0 34 98 835 2 2 0 1.76
4 ’mil t h i c k  p o l y e t h y l e n e  p l a s t i c  s h e e t .  The w h i t e  p l a s t i c  s h e e t  p e r m i t t e d  
a b o u t  90% l i g h t  p e n e t r a t i o n .  A 2 X 2 f a c t o r i a l  in  a randomized  com ple te  
b l o c k  d e s i g n  was u sed  to  e v a l u a t e  the  h y b r i d s .
Sample P r e p a r a t i o n
Head samples  were  hand h a r v e s t e d  a t  random from each  h y b r i d .  S i x  
h e a d s  were  t a k e n ,  bagged s e p a r a t e l y  and l a b e l e d .  Samples from each  h y ­
b r i d  were  t h r e s h e d  s e p a r a t e l y  u s i n g  an Almaco head  t h r e s h e r .  The g r a i n  
sam p les  were  th e n  c l e a n e d  by  s c r e e n i n g  and b low ing  th ro u g h  a  B a te s  a s ­
p i r a t o r .  These  samples  were  s t o r e d  u n d e r  r e f r i g e r a t i o n  f o r  a  p e r i o d  o f  2 
Weeks.  The g r a i n  samples  were th e n  o v e n - d r i e d  a t  5 8 .5  C f o r  48 h o u r s  to  
r e d u c e  t h e  m o i s t u r e  c o n t e n t  to  a c o n s t a n t  and u n i fo rm  l e v e l .  The oven-  
d r i e d  samples  were  ground t o  pa s s  t h ro u g h  a 2 0 -mesh s c r e e n  u s i n g  a 
s m a l l  W i ley  m i l l .  Each ground sample was p l a c e d  in  an a i r - t i g h t  sample  
p r e p a r a t i o n  b o t t l e .
T an n in  D e te r m in a t io n
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The v a n l l l i n - H C l  method 'which la  s p e c i f i c  f o r  l e u c o - a n th o c y a n in  
(B u rn s ,  19 6 3 ) ,  th e  p r i n c i p a l  t a n n in  o f  g r a i n  sorghum d e s c r i b e d  by B um s 
(1 9 7 1 ) ,  was u se d  to  d e te rm in e  th e  ta n n in  c o n t e n t  o f  sam p les  r e s u l t i n g  
from a l l  o f  th e  e x p e r im e n ts  d i s c u s s e d  p r e v i o u s l y .  The p ro c e d u re  I s  
d e s c r i b e d  b r i e f l y  below :
R eag e n ts  - The r e a g e n t  was p r e p a re d  by a c i d i f y i n g  an e q u a l  volume 
o f  8 % c o n c e n t r a t e d  HC1 in  m e th a n o l  and 4% v a n i l l i n  in  m e th a n o l .  The 
r e a g e n t  was mixed j u s t  b e f o r e  u s e  to  a v o id  any c o l o r  d ev e lo p m en t t h a t  
would a f f e c t  th e  r e a d i n g .
S ta n d a rd  Curve -  A s t a n d a r d  c u rv e  was p r e p a r e d  by a d d in g  100 mg 
c a t e c h i n  to  50 ml m e th a n o l .  The d i l u t i o n s  w ere  from f u l l  s t r e n g t h  (2 
mg p e r  ml) to  0 .2  mg p e r  ml m e th a n o l .  One ml o f  each  d i l u t i o n  was p i ­
p e t t e d  i n t o  each  o f  two s e p a r a t e  10 ml c a p a c i t y  p l a s t i c  b o t t l e s .  F iv e  
ml o f  th e  v a n l l l i n - H C l  r e a g e n t  was q u ic k ly  added i n t o  each  b o t t l e  u s in g  
an a u to m a t i c  d i s p e n s e r .  The v a n i l l i n - H C l  r e a g e n t  was a l lo w e d  to  r e a c t  
w i th  th e  sam ple f o r  25 m in u te s  f o r  c o l o r  dev e lo p m en t p r i o r  t o  r e a d in g  
on a  S p e c t r o n i c  20 c o l o r i m e t e r .  R ead ings  w ere  ta k e n  a t  500 mu wave­
l e n g t h .  The o p t i c a l  d e n s i t y  was r e a d  and p l o t t e d  a g a i n s t  th e  c a t e c h i n  
c o n c e n t r a t i o n  i n  c o n s t r u c t i n g  a  s t a n d a r d  c u r v e .  T ann in  c o n t e n t  was 
b a s e d  on " C a te c h in  E q u i v a l e n t s "  and e x p re s s e d  in  r e l a t i v e  v a l u e s .
D e te r m in a t io n  - A one gram ground  o v e n - d r i e d  sam ple  w eighed on 
an  a n a l y t i c a l  b a l a n c e  was p la c e d  i n t o  a  125 ml E r len m ey e r  f l a s k .  F i f t y  
ml m e th a n o l  was added  to  each  f l a s k .  F la s k s  w ere th e n  s to p p e r e d  and 
s w i r l e d .  The f l a s k s  w ere  s w i r l e d  o c c a s i o n a l l y  d u r in g  th e  e x t r a c t i o n  
p e r i o d .  A f t e r  24 h o u rs  e x t r a c t i o n ,  th e  sam ples  w ere  B w ir led  and
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a l lo w e d  Co s e t t l e  f o r  a  p e r io d  o f  15 m i n u te s .  One ml o f  th e  a l i q u o t  
was p i p e t t e d  I n t o  each  10 ml p l a s t i c  b o t t l e  and  5 ml v a n i l l l n - H C l  
r e a g e n t  was q u ic k ly  added  to  each  u s i n g  an  a u to m a t i c  d i s p e n s e r .  A f t e r  
a l lo w in g  25 m in u te s  f o r  c o l o r  d e v e lo p m e n t ,  th e  sam ples  w ere  r e a d  on a 
S p e c t r o n l c  20 c o l o r i m e t e r  a t  500 mu w a v e le n g th .
Each sam ple  was d e te rm in e d  in  d u p l i c a t e  and th e  sam p les  were 
a n a ly z e d  by  r e p l i c a t i o n .  A ch eck  sam p le ,  g r a i n  o f  *GA 6 1 5 , ’ was u sed  
a s  a  s t a n d a r d .  T h is  was in c lu d e d  to  c o r r e c t  any d i s c r e p a n c y  in  r e a d ­
in g s  made a s  a r e s u l t  o f  f l u c t u a t i o n  o f  t e m p e r a tu r e  d u r in g  th e  e x t r a c ­
t i o n  p h a s e .  The r e a d in g s  w ere  a d j u s t e d  b a se d  on th e  ch ec k  sam ple .
S t a t i s t i c a l  A n a ly s i s
The p e r c e n t  t a n n in  o f  sam p les  r e s u l t i n g  from th e  e x p e r im e n ts  
d i s c u s s e d  p r e v i o u s l y  w ere  r e c o r d e d  on IBM code  s h e e t s  and p ro c e s s e d  
th ro u g h  th e  L .S .U . Computer R esea rc h  C e n te r  by th e  D ep ar tm en t o f  Ex­
p e r im e n ta l  S t a t i s t i c s .  A p p r o p r ia t e  a n a l y s e s  o f  v a r i a n c e  w ere  d e t e r ­
mined f o r  th e  d a t a  from eac h  e x p e r im e n t .  The Duncan M u l t i p l e  Range 
T e s t  d i s c u s s e d  by S t e e l e  and T o r r i e  (1960) was u se d  to  t e s t  s i g n i f i ­
c a n t  d i f f e r e n c e s  be tw een  m eans.
R e l a t i o n s h i p  Between Dry M a t t e r  D is a p p e a ra n c e  
and  T ann in  C o n te n t
S ix  b i r d - r e s i s t a n t  h y b r id s  (ACCO R-1093, AKS 614 , DeKalb BR-64, 
Funk BR-79, NK S avanna 3 and RS 700) grown a t  A le x a n d r ia  and Baton 
Rouge w ere  u se d  in  t h i s  s tu d y .  The tw o - s ta g e  in  v i t r o  d r y  m a t t e r  
d i g e s t i b i l i t y  t e c h n iq u e  d e s c r i b e d  by T i l l e y  and T e r r y  (1963) and
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s l i g h t l y  m o d i f ie d  by D r. Donald R ob inson , D epartm en t o f  Agronomy, L o u i­
s i a n a  S t a t e  U n i v e r s i t y ,  was u s e d .  The p ro c e d u re  i s  d e s c r i b e d  a s  f o l ­
lows :
R eagen ts
1. B u f f e r  s o l u t i o n  - The c h e m ic a l s  and th e  amount o f  each  added 
to  one l i t e r  o f  d i s t i l l e d  w a t e r  w ere ;  IG^PO^ - 4 . 0 9  g,  MgSO^-y^O - 
0 .1 2  g,  KCl - 0 . 5  g ,  and C a C ^ ^ l ^ O  - 0 .0 5  g.  The s o l u t i o n  pH was 
a b o u t  4 . 5 .  J u s t  b e f o r e  u s i n g ,  the  pH was a d j u s t e d  to  6 . 8  by ad d in g  8 . 8  
ml o f  Na2 C0 ^ s o l u t i o n  (1 5 7 .3  g ^ 2 0 0 ^ p e r  l i t e r  d i s t i l l e d  w a t e r ) .
2.  6  N HCL -  p r e p a r e d  by d i l u t i n g  461 ml o f  c o n c e n t r a t e d  HC1
t o  one l i t e r  o f  d i s t i l l e d  w a t e r .
3.  P e p s i n  - 1 :10 ,000  d i l u t i o n  r a t e  in  powder form
4 .  Rumen f l u i d  - removed from f i s t u l a t e d  s t e e r  w i th  a d rench  
gun,  t r a n s f e r r e d  t o  the  l a b o r a t o r y  in  a h o t  w a t e r  b a t h  (40 C 1 and 
s t r a i n e d  th ro u g h  4 l a y e r s  o f  c h e e s e  c l o t h .
P ro c e d u re
Ground samples  were  o v e n - d r i e d  a t  58 .5  C f o r  48 h o u r s .  Sub­
samples  o f  0 .2 5  g were  weighed on an a n a l y t i c a l  b a l a n c e  and p l a c e d  i n t o  
50 ml c e n t r i f u g e  t u b e s .  Twenty ml o f  b u f f e r  s o l u t i o n  and 5 ml o f  rumen 
f l u i d  were added  t o  each  tu b e .  D u p l i c a t e  samples  were u s e d .  A r u b b e r  
s t o p p e r  w i t h  a gas  r e l e a s e  v a l v e  was p l a c e d  i n t o  each tube  im m ed ia te ly .  
The tube s  were p l a c e d  i n s i d e  an i n c u b a t o r  a t  39 C. Each tube  was g e n t l y  
r o t a t e d  to  mix the  sample  and s o l u t i o n  a t  3,  8 , 24,  and 33 h o u r s  a f t e r  
i n c u b a t i o n .
A f t e r  48 h o u r s ,  the  tu b e s  were removed from th e  i n c u b a t o r .
Each tu b e  r e c e i v e d  0 . 5  ml o f  6  N HCl and 0 .0 5  g o f  p e p s i n .  The HCl was 
u sed  t o  check  any  b a c t e r i a l  a c t i v i t y  w h i l e  the  p e p s i n  was u s e d  t o  speed  
up t h e  d i g e s t i b i l i t y  o f  u n d i g e s t e d  p r o t e i n .  The tu b e s  were  p l a c e d  i n ­
s i d e  t h e  i n c u b a t o r  w i t h o u t  s t o p p e r s  and g e n t l y  r o t a t e d  a t  4 ,  8 , 24,  
and 33 h o u r s  a f t e r  a d d in g  a c i d  and p e p s i n .  A f t e r  48 h o u r s ,  a l l  o f  
t h e  tu b e s  were s c r a p e d  w i t h  a r u b b e r  po l i cem an  and washed w i t h  d i s ­
t i l l e d  w a t e r .  The r e s u l t i n g  samples  were then  c e n t r i f u g e d  f o r  4 min­
u t e s  a t  1800 rpm. The s u p e r n a t a n t  was f i l t e r e d  th ro u g h  a  weighed W at t -  
man #41 f i l t e r  p a p e r .  The samples  were  a g a i n  c e n t r i f u g e d ,  washed w i th  
a b o u t  25 ml d i s t i l l e d  w a t e r ,  and th e  s u p e r n a t a n t  was poured  th ro u g h  the  
f i l t e r  p a p e r .  Ihe  u n d i g e s t e d  r e s i d u e  was t r a n s f e r r e d  o n to  th e  f i l t e r  
p a p e r  by w ash ing  w i t h  a b o u t  5 ml a c e t o n e .  The f i l t e r  p a p e r  and r e s i d u e  
were  o v e n - d r i e d  a t  100 C f o r  48 h o u r s  and the  e x a c t  w e ig h t  was r e c o r d e d  
a f t e r  c o o l i n g  in  a d e s i c a t o r .
Four r e a g e n t  b la n k s  and f o u r  s t a n d a r d s  r y e g r a s s  ch e c k  samples  
were  u sed  w i th  each  group o f  s a m p le s .  The p e r c e n t  d r y  m a t t e r  o f  th e  
samples  was d e t e r m in e d  by o v e n - d r y i n g  a t  100 C e i g h t  s am ples  p i c k e d  a t  
random from th e  g ro u p  o f  samples  f o r  a p e r i o d  o f  24 h o u r s .  In a d d i t i o n ,  
t h e  rumen a c t i v i t y  was d e t e r m in e d  by h a v i n g  a z e r o  h o u r  b l a n k  and was
c a l c u l a t e d  a s  f o l l o w s :
Rumen a c t i v i t y  (%) = Zero  h o u r  b l a n k  - Reagen t  B la n k X 100
Zero h o u r  Blank
In v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e  was c a l c u l a t e d  u s in g  th e  
fo rm u la ;
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XVEKD (7.) -  Dry sam ple  w e ig h t  -  (R ea ld u e  -  R eag en t Blanks X 100 
Wet sam p le  w e ig h t  X sam ple  p e r c e n t  d r y  n a t t e r
S im p le  c o r r e l a t i o n  c o e f f i c i e n t s  w ere  c a l c u l a t e d  be tw een  p e r c e n t  
t a n n in  and d ry  m a t t e r  d i g e s t i b i l i t y  to  d e te r m in e  t h e  r e l a t i o n s h i p  e x i s t *  
i n g  be tw een  th e s e  two v a r i a b l e s .
RESULTS AND DISCUSSION
A s e r i e s  o f  e x p e r i m e n t s  was c o n d u c t e d  t o  d e t e r m i n e  t h e  t a n n i n  
c o n t e n t  o f  b i r d - r e s i s t a n t  g r a i n  sorghum h y b r i d s .  U n le s s  o t h e r w i s e  
i n d i c a t e d ,  a n a l y s e s  were  made u s i n g  m a tu re  g r a i n  s am p le s .  P e r c e n t  
t a n n i n  waB d e t e r m in e d  by th e  v a n i l l i n - H C l  method d e s c r i b e d  by Burns 
(1971) and e x p r e s s e d  i n  " C a t e c h i n  E q u i v a l e n t s . "
C h a r a c t e r i z a t i o n  o f  T annin  C o n te n t
The p e r c e n t  t a n n i n  f o r  34 b i r d - r e s i s t a n t  g r a i n  sorghum h y b r i d s  
e v a l u a t e d  a t  Baton  Rouge i n  1972 and 1973 i s  g iv e n  i n  T a b l e  4 .  H igh ly  
s i g n i f i c a n t  d i f f e r e n c e s  in  p e r c e n t  t a n n i n  were  o b t a i n e d  among th e  h y ­
b r i d s .  The p e r c e n t  t a n n i n  ranged  from 2 .36  to  7 . 2 5 .  Among th o s e  
h y b r i d s  e v a l u a t e d  i n  1972, 'E x c e l  B i rd  G o , f 'DeKalb B R -6 4 , ' 'Funk BR- 
7 9 , ’ 'TWO 75 B R , ' 'NK S a v a n n a , "  'NK Savanna  2 , '  and 'ACCO R - 1 0 2 3 , 1 had 
t h e  h i g h e s t  t a n n i n  c o n t e n t  (above 6 %) w h i l e  'RS 7 0 0 , '  'McNair  8 8 0 , '  and 
'ACCO X 9417'BR had th e  lo w e s t  (be low  4%). In 1973,  ' P i o n e e r  b rand  X 
B 1 1 0 , '  and 'DeKalb BR-54' had  t a n n i n  c o n t e n t s  h i g h e r  th a n  6 % w h i l e  
'ACCO X 9417 BR, ' 'McCurdy 1 1 , '  and 'DeKalb X 1602 '  had  t a n n i n  c o n t e n t s  
lo w er  than  47». I n t e r m e d i a t e  t a n n i n  c o n t e n t  was r e c o r d e d  f o r  s e v e r a l  
h y b r i d s .
The o b j e c t i v e  o f  t h i s  e x p e r i m e n t  was to  c h a r a c t e r i z e  a l a r g e  
number o f  h y b r i d s  f o r  t a n n i n  c o n t e n t .  In the  s t a t i s t i c a l  a n a l y s i s  o f  
t h e  d a t a  no d i s t i n c t i o n  was made i n  r e g a r d  to  t h e  y e a r  i n  which a p a r ­
t i c u l a r  h y b r i d  was grown. However,  one h y b r i d ,  ACCO X 9417 BR, was 
grown in  b o th  1972 and 1973.  A com par i son  o f  th e  p e r c e n t  t a n n i n  f o r
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T a b le  4 .  C h a r a c t e r i z a t i o n  o f  b i r d - r e s i s t a n t  g r a i n  sorghum h y b r id s  
f o r  t a n n in  c o n t e n t ,  B aton  Rouge, 1972 and 1973
H y b rid
P e r c e n t
T an n in
I n d i c a t i o n  o f  
S i g n i f i c a n c e
E x c e l  B i rd  Go 7 .2 5 a
DeKalb BR-64 7 .2 2 a
Funk BR-79 7 .0 4 ab
TWO 75 BR 6 .5 1 abc
P io n e e r  b ra n d  X B110* 6 .4 2 abed
NK Savanna 6 .4 1 abed
NK Savanna 2 6 . 2 1 abede
DeKalb BR-54* 6 . 1 1 a b e d e f
ACCO R-1023 6 . 1 1 a b e d e f
K B G olden G ra in 5 .9 4 b e d e fg
P e n n g ra in  BR 5 .8 0 c d e fg h
H W 3360 5 .6 9 c d e fg h
ACCO R-1093 5 .6 2 c d e fg h
NK S avanna 3 5 .6 6 c d e fg h
P io n e e r  b ra n d  B 818 5 .2 2 d e f g h l
F r o n t i e r  409 5 .1 7 e f g h l
McNair 546 5 .1 5 e f g h l
N ia g ra  Shoo B ird 5 .1 4 e f g h l
Funk BR-630 5 .1 0 e f g h l
AKS 614 5 .0 6 e f g h l
E x c e l  B i rd  Go A 5 .0 2 e f g h l
DeKalb BR-63* 5 .0 0 e f g h l
AKS 618* 4 . 9 0 f g h i
McCurdy 81* 4 .8 6 f g h i
Funk G-516 BR* 4 .7 0 g h l j
McCurdy 83* 4 .5 6 h i j
McCurdy 13* 4 .3 9 i j
McNair 656* 4 .3 0 i j k
AKS 663 4 .1 7 l j k
RS 700 3 .9 7 i j k
McNair 880 3 .7 2 j k
ACCO X 9417 BR** 3.40 j k
McCurdy 11* 3 .1 9 k l
DeKalb X 1602* 2 .3 6 1
C.V. (%) « 1 1 .0
* In c lu d e d  i n  1973 t e s t  
** In c lu d e d  In  1972 and 1973 t e s t .
Means fo l lo w e d  by th e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
th e  17. p r o b a b i l i t y  l e v e l  a c c o r d in g  to  t h e  Duncan M u l t i p l e  Range T e s t .
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t h i s  h y b r i d  shows t h a t  l i t t l e  v a r i a t i o n  was o b s e rv e d  as  i n d i c a t e d  by 
th e  v a l u e s  o f  3 .6 4  and 3 .1 5  o b t a i n e d  i n  1972 and 1973,  r e s p e c t i v e l y .
The d a t a  i n d i c a t e  t h a t  p e r i c a r p  c o l o r ,  a s  s u g g e s t e d  by Maxson 
e t  a l .  ( 1 9 7 2 ) ,  may n o t  be  a r e l i a b l e  i n d i c a t o r  o f  t a n n i n  c o n t e n t .  A l l  
o f  the  h y b r i d s  which  were  h i g h  i n  t a n n i n  h a d  a  brown s e e d  c o a t  c o l o r ,  
b u t  ACCO X 9417 BR which was low i n  t a n n i n  was a l s o  b r o w n - s e e d e d .  D ata  
o b t a i n e d  by B i e b e r  and Merwine (1972) s u g g e s t  t h a t  t a n n i n  c o n t e n t  o f  
g r a i n  may be r e l a t e d  to  m a t u r i t y  o r  m o i s t u r e  c o n t e n t .  S i n c e  t h e r e  was 
an  a p p r e c i a b l e  ra n g e  i n  g r a i n  m a t u r i t y  and some v a r i a t i o n  in  g r a i n  m o i s ­
t u r e  a t  the  t ime o f  h a r v e s t ,  the  l a t e - m a t u r i n g  h y b r i d s  would be e x p e c te d  
t o  h a v e  h i g h e r  t a n n i n ,  b u t  t h e  d a t a  i n d i c a t e  t h a t  t h i s  r e l a t i o n s h i p  d id  
n o t  e x i s t .  DeKalb BR-64 and RS 700 h a v e  th e  same m a t u r i t y  d a t e  b u t  
t h e i r  t a n n i n  c o n t e n t  was 7 .22  and 3.97%, r e s p e c t i v e l y .
I t  i s  a p p a r e n t  from t h e  d a t a  g i v e n  in  Tab le  4 t h a t  b i r d - r e s i s t a n t  
h y b r i d s  v a r y  c o n s i d e r a b l y  i n  t a n n i n  c o n t e n t .  T h i s  v a r i a t i o n  p r o b a b ly  
r e l a t e s  to  t h e  g e n e t i c  makeup o f  th e  h y b r i d s .  I f  h i g h  t a n n i n  c o n t e n t  
i s  a s s o c i a t e d  w i t h  re d u c e d  feed  e f f i c i e n c y  as  r e p o r t e d  by Chang and 
F u l l e r  ( 1 9 6 4 ) ,  F u l l e r  e t  a l .  ( 1 9 6 6 ) ,  and McGinty (1 9 6 8 ) ,  th e  d a t a  s u g ­
g e s t  t h a t  i t  may be  p o s s i b l e  to  m a i n t a i n  a  s a t i s f a c t o r y  d e g r e e  o f  b i r d  
r e s i s t a n c e  a t  lower  t a n n i n  l e v e l s  s i n c e  DeKalb X 1602,  McCurdy 11,  and 
ACCO X 9417 BR were low i n  t a n n i n  b u t  e x h i b i t e d  a h i g h  d e g r e e  o f  b i r d  
r e s i s t a n c e .
F a c t o r s  A f f e c t i n g  T ann in  C o n te n t
L o c a t i o n  - S i x  b i r d - r e s i s t a n t  h y b r i d s  were  grown a t  A l e x a n d r i a ,  
Ba ton Rouge,  B o s s i e r  C i t y ,  and S t .  J o s e p h  in  1972 and 1973.  Combined
a n a l y s i s  o f  v a r i a n c e  computed f o r  th e  f o u r  l o c a t i o n s  In  1972 i n d i c a t e d  
t h a t  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among l o c a t i o n s  and h y b r id s  
(T a b le  5 ) .  The l o c a t i o n  X h y b r id  i n t e r a c t i o n  was a l s o  h i g h l y  s i g n i f i ­
c a n t ,  The mean s q u a r e s  f o r  th e  main e f f e c t s ,  l o c a t i o n  and h y b r i d ,  w ere 
c o n s i d e r a b l y  h i g h e r  in  m a g n itu d e  th a n  th e  mean s q u a re  f o r  th e  l o c a t i o n  X 
h y b r i d  i n t e r a c t i o n .  U i is  s u g g e s t s  t h a t  m ost o f  th e  v a r i a b i l i t y  n o te d  was 
due to  th e  main e f f e c t s .  D ata  in  T ab le  6  sum m arizes th e  p e r c e n t  t a n n in  
o b ta in e d  in  1972 f o r  the  s i x  h y b r i d s .  S i g n i f i c a n t  d i f f e r e n c e s  f o r  p e r ­
c e n t  t a n n in  o c c u r r e d  among th e  h y b r id s  a t  a l l  l o c a t i o n s .  However, a t  
S t .  Jo se p h  RS 700 was th e  o n ly  h y b r id  e x h i b i t i n g  a  t r u e  d i f f e r e n c e  in  
t a n n in  c o n t e n t .  DeKalb BR-64 and Funk BR-79 had  th e  h i g h e s t  mean ta n n in  
c o n t e n t ;  th e  lo w e s t  t a n n in  c o n t e n t  was o b ta in e d  f o r  RS 700.
T here  w ere  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  n o te d  among l o c a t i o n s  
in  1972. No two l o c a t i o n s  were s i m i l a r  f o r  p e r c e n t  t a n n i n .  The h i g h e s t  
p e r c e n t  t a n n in  was o b ta in e d  a t  A le x a n d r i a ,  w h i le  th e  lo w e s t  p e r c e n t  t a n ­
n in  was o b ta in e d  among th e  h y b r id s  grown a t  B o s s i e r  C i t y .
As i n d i c a t e d  p r e v i o u s l y ,  th e  l o c a t i o n  X h y b r id  i n t e r a c t i o n  was 
h i g h l y  s i g n i f i c a n t .  However, th e  i n t e r a c t i o n  e f f e c t  was p ro b a b ly  due 
to  ch an g es  in  m a g n itu d e  r a t h e r  th a n  r e v e r s a l s  in  r a n k in g .  RS 700 e x ­
h i b i t e d  th e  lo w e s t  p e r c e n t  ta n n in  a t  a l l  l o c a t i o n s .  Funk BR-79 was 
e i t h e r  h i g h e s t  o r  second  in  ra n k  f o r  p e r c e n t  t a n n in  a t  a l l  l o c a t i o n s ,
ACCO R-1093 ranked  t h i r d  o r  f o u r t h ,  w h i l e  AKS 614 ranked  f o u r th  o r  f i f t h  
in  p e r c e n t  t a n n in  a t  a l l  l o c a t i o n s .  DeKalb BR-64 and NK Savanna 3 w ere 
somewhat more v a r i a b l e  in  p e r c e n t  t a n n in  r a n k .
T a b le  5 .  A n a ly s i s  o f  v a r i a n c e  f o r  p e r c e n t  t a n n i n  (4  l o c a t i o n s  c o m b in ed ) ,  1972
S o u rc e  o f  V a r i a t i o n d f Mean S q u a re F -V a lu e
L o c a t io n 3 6 2 .1 4 6 5 6 .1 8 * *
E r r o r  (a ) 1 2 1 .106
H y b rid 5 2 3 .7 4 4 6 4 .9 3 * *
L o c a t io n  X h y b r id 15 1 .853 5 .0 7 * *
E r r o r  (b) 60 0 .3 6 6
**  S i g n i f i c a n t  a t  th e  1% p r o b a b i l i t y  l e v e l .
T able 6 . P ercen t tan n in  o f  c e r t a in  b ir d - r e s i s t a n t  g ra in  sorghum h y b r id s  a s  a f f e c t e d  by p rod u ction
lo c a t io n ,  1972
L o c a t io n
H y b r id A le x a n d r i a B aton  Rouge B o s s i e r  C i ty S t .  J o s e p h H y b r id  Mean
Funk BR-79 8 .7 3  a 6 . 1 0  a 4 .1 2  a 7 .2 2  a 6 .5 4  a
DeKalb BR-64 8 . 6 6  a 6 .2 8  a 4 .2 0  a 6 .9 6  a 6 .5 3  a
ACCO R-1093 7 .3 1  b 4 .7 3  b 3 .8 3  ab 7 .01  a 5 .7 2  b
NK Savanna 3 7 .7 0  ab 4 .7 2  b 3 .0 8  ab 7 .15  a 5 .6 6  b
AKS 614 6 .5 5  b 4 .1 2  b 3 .2 6  ab 6 . 1 2  a 5 .0 1  c
RS 700 4 .4 7  c 3 .0 3  c 2 .7 8  b 2 .7 9  b 3 .2 7  d
L o c a t io n  Mean 7 .24W 4 .8 3 y 3 .5 5 Z 6 . 2 1 *
C.V. (TL) 8 . 2 1 2 . 1 14 .1 1 1 .5
Means fo l lo w e d  by th e  same l e t t e r  i n  ea c h  column a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  1% p ro b a ­
b i l i t y  l e v e l  a c c o r d in g  to  th e  Duncan M u l t i p l e  Range T e s t .
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H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among l o c a t i o n s  and h y ­
b r i d s  a s  shown by th e  com bined a n a l y s i s  >£ v a r i a n c e  f o r  1973 (T a b le  7 ) .  
A lth o u g h  th e  i n t e r a c t i o n  in v o l v in g  l o c a t i o n  X h y b r i d  was s i g n i f i c a n t ,  
th e  m ag n itu d e  o f  th e  mean s q u a r e  was s m a l l  i n  r e l a t i o n  to  th e  main 
e f f e c t s ,  l o c a t i o n  and h y b r i d .  The p e r c e n t  t a n n in  o f  th e  h y b r i d s  f o r  
1973 i s  p r e s e n t e d  in  T a b le  8 . S i g n i f i c a n t  d i f f e r e n c e s  f o r  p e r c e n t  t a n ­
n in  o c c u r r e d  among th e  Bix h y b r i d s  a t  a l l  l o c a t i o n s .  As an a v e ra g e  o f  
l o c a t i o n s ,  DeKalb BR-64 c o n t a in e d  more ta n n in  th a n  th e  o t h e r  h y b r id s  
e v a l u a t e d .  S i g n i f i c a n t l y  d i f f e r e n t  t a n n in  l e v e l s  w ere r e c o r d e d  a t  each  
o f  th e  fo u r  l o c a t i o n s  i n  1973. The p e r c e n t  t a n n i n  a s  an  a v e r a g e  o f  h y ­
b r i d s  was h i g h e s t  a t  S t .  J o se p h  fo l lo w e d  by A le x a n d r i a ,  B o s s i e r  C i t y ,  
and B aton  Rouge in  d e s c e n d in g  o r d e r .
A lth o u g h  a s i g n i f i c a n t  l o c a t i o n  X h y b r id  i n t e r a c t i o n  was o b s e rv e d ,  
th e  i n t e r a c t i o n  e f f e c t  was p ro b a b ly  due  to  c h an g e s  in  m a g n itu d e  o f  r e ­
sp o n se  r a t h e r  th a n  r e v e r s a l s  in  r a n k in g  among th e  h y b r i d s .  DeKalb BR- 
64 and Funk BR-79 ran k ed  f i r s t  and s e c o n d ,  r e s p e c t i v e l y ,  f o r  p e r c e n t  
t a n n i n  a t  a l l  l o c a t i o n s .  ACCO R-1093 and NK Savanna  3 v a r i e d  i n  r a n k  
from t h i r d  o r  f o u r t h  d e p e n d in g  on l o c a t i o n  w h i l e  e i t h e r  AKS 614 o r  RS 
700 o c c u p ie d  th e  f i f t h  and s i x t h  p o s i t i o n s .
Combined a n a l y s i s  o f  v a r i a n c e  d a t a  f o r  y e a r s  and l o c a t i o n s  a r e  
g iv e n  in  T a b le  9 .  H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  w ere n o te d  f o r  th e  
main e f f e c t s ,  y e a r ,  l o c a t i o n  and h y b r i d .  The f i r s t  and' a e c o n d  o r d e r  
i n t e r a c t i o n s  w ere a l s o  h i g h l y  s i g n i f i c a n t .  A lthough  th e  seco n d  o r d e r  
i n t e r a c t i o n ,  y e a r  X l o c a t i o n  X h y b r i d ,  was h i g h l y  s i g n i f i c a n t ,  the  
v a r i a b i l i t y  n o te d  was p r i m a r i l y  d u e  to  s i g n i f i c a n t  y e a r  X l o c a t i o n  and
T ab le  7 . A n a ly s is  o f  v a r ia n c e  fo r  p e r c e n t tan n in  (4  lo c a t io n s  com bined), 1973
S o u rce  o f  V a r i a t i o n d f Mean S q u a re F -V a lue
L o c a t io n 8 3 2 .9 2 8 9 4 .58**
E r r o r  (a ) 1 2 0 .3 4 8
H y b r id 5 2 2 .429 6 0 .5 4 * *
L o c a t io n  X H y b r id 15 0 .8 3 8 2 .2 6 *
E r r o r  (b) 60 0 .3 7 0
^ S i g n i f i c a n t  a t  th e  57o p r o b a b i l i t y  l e v e l .  
* * S i g n i f l e a n t  a t  th e  1% p r o b a b i l i t y  l e v e l .
T a b le  8 . P e r c e n t  t a n n in  o f  c e r t a i n  b i r d - r e s i s t a n t  g r a i n  sorghum h y b r id s  a s  a f f e c t e d  by p ro d u c ­
t i o n  l o c a t i o n ,  1973
L o c a t io n
H y b r id A le x a n d r i a B aton  Rouge B o s s i e r  C i t y S t .  J o s e p h H y b r id  Mean
DeKalb BR-64 8 .7 5  a 7 .7 6  a 7 .3 6  a 9 .5 3  a 8 .3 5 a
Funk BR-79 7 .2 6  b 6 . 0 0  b 7 .3 2  a 8 .8 7  a 7 .36 b
ACCO R-1093 6 .8 0  b 5 .2 9  be 6 .4 1  ab 7 .9 1  b 6 .6 5 c
NK S avanna  3 6 .9 7  b 4 .8 6  bed 5 .2 2  be 8 .4 4  ab 6 .3 3 c
AKS 614 5 .3 4  c 4 .2 7  cd 5 .6 2  be 6 .6 5  b 5 .4 7 d
RS 700 5 .7 5  c 3 .7 2  d 4 .3 1  c 6 .9 4  b 5 .1 8 d
L o c a t io n  Mean 6 .8 1 X 5 .3 2 Z 6 .0 4 Y W8 .0 6
C.V. (7.) 5 .3 1 0 .3 10 .7 9 .8
Means fo l lo w e d  by th e  same l e t t e r  i n  eac h  column a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  1% p ro b a ­
b i l i t y  l e v e l  a c c o r d in g  to  th e  Duncan M u l t i p l e  Range T e s t .
T a b le  9 .  Combined a n a l y s i s  o f  v a r i a n c e  f o r  p e r c e n t  t a n n i n ,  1972 and  1973
S o u rc e  o f  V a r i a t i o n d f Mean S q u a re F -V a lu e
Y ear 1 5 8 .2 8 9 8 0 .1 6 * *
L o c a t io n 3 74 .217 102 .06**
Y ear X L o c a t io n 3 2 0 .8 5 7 2 8 .68**
E r r o r  (a) 24 0 .7 2 7
H y b rid 5 4 3 .1 4 2 117 .21**
Y ear  X H y b r id 5 3 .0 3 1 8 .2 3 * *
L o c a t io n  X H y b rid 15 1.359 3 .6 9 * *
Y ear  X L o c a t io n  X H ybrid 15 1 .333 3 .6 2 * *
E r r o r  (b) 1 2 0 0 .3 6 8
T o t a l 191
* * S i g n i f  i c a n t  a t  t h e  1% p r o b a b i l i t y  l e v e l .
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l o c a t i o n  X h y b r id  i n t e r a c t i o n s .  A lth o u g h  th e  p e r c e n t  t a n n in  o f  th e  h y ­
b r i d s  was I n f lu e n c e d  by th e  y e a r  i n  w hich th e y  w ere grown, th e  d a t a  
w ere  a v e ra g e d  f o r  th e  tw o -y e a r  p e r i o d .  Tw o-year d a t a  s h o u ld  be more 
r e l i a b l e  and p r o v id e  a  w id e r  s c o p e  from  which to  draw  I n f e r e n c e s  th an  
d a t a  o b ta in e d  in  a  s i n g l e  y e a r .  The i n t e r a c t i o n s  i n v o l v in g  y e a r s  ( y e a r  
X l o c a t i o n ,  y e a r  X h y b r i d ,  and y e a r  X l o c a t i o n  X h y b r id )  a r e  Im p o r ta n t  
b u t  o f  l i t t l e  p r a c t i c a l  v a l u e  s i n c e  th e  i n f l u e n c e  o f  y e a r s  c a n n o t  be 
c o n t r o l l e d .  The l o c a t i o n  X h y b r i d  I n t e r a c t i o n  i s  im p o r ta n t  and a l s o  
o f  p r a c t i c a l  v a l u e  s i n c e  c h o i c e  o f  h y b r i d  and l o c a t i o n  can  be c o n t r o l l e d .  
The mean s q u a r e  f o r  th e  l o c a t i o n  X h y b r id  I n t e r a c t i o n  was s m a l l  i n  mag­
n i t u d e  a s  compared to  th e  main e f f e c t s ,  l o c a t i o n  and h y b r i d .
D a ta  in  T ab le  10 a r e  r e p o r t e d  a s  an  a v e ra g e  o f  b o th  y e a r s .  S i g ­
n i f i c a n t  d i f f e r e n c e s  f o r  p e r c e n t  t a n n in  o c c u r r e d  among th e  h y b r id s  a t  
a l l  l o c a t i o n s .  DeKalb BR-64 and Funk BR-79 grown a t  A le x a n d r i a  co n ­
t a i n e d  s i g n i f i c a n t l y  h i g h e r  t a n n in  a s  com pared w i th  th e  o t h e r  h y b r id s  
( F ig u r e  1 ) .  A t B a to n  Rouge, DeKalb BR-64 had th e  h i g h e s t  t a n n in  co n ­
t e n t ,  w h i l e  a t  B o s s i e r  C i t y ,  DeKalb BR-64, Funk BR-79, and ACCO R-1093 
h a d  th e  h i g h e s t  t a n n in  c o n t e n t .  A t S t .  J o s e p h ,  a l l  o f  th e  h y b r i d s  w i th  
th e  e x c e p t io n  o f  AKS 614 and RS 700 had  h ig h  ta n n in  c o n t e n t .  S in c e  th e  
i n t e r a c t i o n  I n v o lv in g  l o c a t i o n  X h y b r id  d e t e c t e d  in  th e  com bined a n a l y ­
s i s  o f  v a r i a n c e  was a  r e s u l t  o f  d i f f e r e n c e s  i n  m ag n itu d e  o f  s i m i l a r  
e f f e c t s ,  th e  t a p n in  c o n t e n t  o f  th e  h y b r i d s  was a v e ra g e d  o v e r  l o c a t i o n s .  
The d a t a  i n d i c a t e  t h a t  DeKalb BR-64 was h i g h e r  in  p e r c e n t  t a n n in  th a n  
th e  o t h e r  h y b r i d s .  RS 700 p ro d u ced  low g r a i n  t a n n i n .  Funk BR-79, ACOO 
R-1093, and NK Savanna 3 w ere  i n t e r m e d i a t e  f o r  t a n n in  c o n t e n t  w h i l e  th e  
t a n n in  l e v e l  f o r  AKS 614 was' m o d e fp te ly  .low.
T a b le  10. P e r c e n t  t a n n in  o f  c e r t a i n  b i r d - r e s i s t a n t  g r a i n  sorghum h y b r i d s  a s  a f f e c t e d  by p r o d u c t io n  
l o c a t i o n  o v e r  a  tw o -y e a r  p e r i o d ,  1972 and 1973
L o c a t io n
H y b r id A le x a n d r ia B aton  Rouge B o s s i e r  C i ty S t .  J o s e p h H y b r id  Mean
DeKalb BR-64 8 .7 0  a 7 .0 2 a 5 .7 8 a 8 .2 5 a 7 .4 4  a
Funk BR-79 8 . 0 0  a 6 .0 5 b 5 .7 2 a 8 .0 5 a 6 .9 5  b
ACCO R-1093 7 .14  b 5 .0 1 c 5 .1 2 ab 7 .4 6 a 6 .1 8  c
NK S avanna  3 7 .25  b 4 .7 5 c 4 .1 5 be 7 .79 a 6 . 0 0  c
AKS 614 5 .9 4  c 4 .2 0 cd 4 .4 4 b 6 .3 9 b 5 .2 4  d
RS 700 5 .1 1  c 3 ;3 8 d 3 .5 5 c 4 .8 6 c 4 .2 2  e
L o c a t io n  Mean 7 .0 2 * 5 .08Y 4 .8 0 Y 7 .1 3 *
C.V. (7.) -  1 0 .1
Means fo l lo w e d  by th e  same l e t t e r  in  each  column a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  Yk p r o b a ­
b i l i t y  l e v e l  a c c o r d in g  to  th e  Duncan M u l t i p l e  Range T e s t .
Alexandria
RS 700 
DtKaft) BR-64 
Funk BR-79 '//A
ACCO R-1093 
NK Savanna 3 
AKS 614
w *
Baton Rouga Bossier City
LOCATION
l l
S t Joseph
F ig u r e  1. P e r c e n t  t a n n i n  o f  s i x  g r a i n  sorghum h y b r i d s  a s  a f f e c t e d  by 
p r o d u c t i o n  l o c a t i o n  a v e ra g e d  o v e r  a t w o - y e a r  p e r i o d  1972 
1973.
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As an a v e r a g e  o f  h y b r i d s ,  s i g n i f i c a n t l y  h i g h e r  t a n n in  l e v e l s  
w ere  p roduced  a t  A le x a n d r i a  and S t .  J o s e p h .  P e r c e n t  t a n n i n  a t  B aton  
Rouge and B o s s ie r  C i ty  was n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  b u t  t a n n in  
l e v e l s  w ere  s i g n i f i c a n t l y  low er  a t  t h e s e  l o c a t i o n s  a s  com pared to  
S t .  J o s e p h  and A le x a n d r i a .
The r e s u l t s  o b t a in e d  c l e a r l y  i n d i c a t e  t h a t  e n v i ro n m e n ta l  c o n d i ­
t i o n s  a f f e c t  t a n n in  c o n t e n t  o f  g r a i n  sorghum. However, th e  s p e c i f i c  
c o n d i t i o n s  a r e  n o t  known. V a r i a b i l i t y  in  t a n n i n  c o n t e n t  may have  been  
p a r t l y  due to  d i f f e r e n c e s  i n  s o i l  f e r t i l i t y ,  l i g h t  i n t e n s i t y ,  r a i n f a l l ,  
and t e m p e r a tu r e .  P ro b a b ly  th e  m ost s t r i k i n g  r e d u c t i o n  i n  t a n n in  c o n ­
t e n t  was t h a t  n o te d  a t  B o s s i e r  C i t y  i n  1972 (T a b le  6 ) .  On th e  b a s i s  
o f  t h e  low m o i s tu r e  c o n t e n t  o f  th e  g r a i n  (T ip to n  e t  a l . ,  1972 ) ,  one 
m ig h t  be le d  to  c o n c lu d e  t h a t  p e r c e n t  t a n n in  was d i r e c t l y  r e l a t e d  to  
g r a i n  m o i s t u r e .  H owever, th e  m o i s t u r e  c o n t e n t  o f  th e  g r a i n  a t  t h i s  
l o c a t i o n  in  1973 ( T ip to n  e t  a l . ,  1973) was a l s o  low, b u t  th e  t a n n in  c o n ­
t e n t  was n o t  p a r t i c u l a r l y  low; i n  f a c t ,  th e  l o c a t i o n  mean f o r  p e r c e n t  
t a n n i n  was h i g h e r  th a n  th e  mean o b t a i n e d  a t  B aton  Rouge. Based on th e s e  
o b s e r v a t i o n s ,  i t  a p p e a r s  t h a t  g r a i n  m o i s tu r e  d id  n o t  h a v e  a d i r e c t  i n ­
f lu e n c e  on ta n n in  c o n t e n t  o f  m a tu re  g r a i n .
S ta g e  o f  g r a i n  m a t u r a t i o n  -  S t a t i s t i c a l  a n a l y s i s  o f  th e  d a t a  f o r  
1972 I n d i c a t e d  t h a t  s t a g e  o f  g r a i n  m a t u r a t i o n  and h y b r id  had  a s i g n i f i ­
c a n t  I n f lu e n c e  on t a n n in  c o n t e n t  (T a b le  1 1 ) .  A s i g n i f i c a n t  i n t e r a c t i o n  
be tw een  s t a g e  o f  g r a i n  m a t u r a t i o n  and h y b r i d  was a l s o  o b s e r v e d .  The i n ­
t e r a c t i o n  d e t e c t e d  was a r e s u l t  o f  a  d i f f e r e n c e  in  m a g n itu d e  o f  s i m i l a r  
e f f e c t s  r a t h e r  th a n  r e v e r s a l s .  D u r in g  th e  m i lk  s t a g e ,  th e  p e r c e n t
T a b le  11. A n a ly s i s  o f  v a r i a n c e  f o r  p e r c e n t  t a n n i n  a s  a f f e c t e d  by  s t a g e  o f  g r a i n  
m a t u r a t i o n ,  B aton  Rouge, 1972
S o u rce  o f  V a r i a t i o n d f Mean S q u a re F -V a lu e
R e p l i c a t i o n 3 0 .7 9 9
H y b rid 5 5 .1 8 7 13 .93**
S ta g e 2 122 .967 330 .32**
H y b rid  X S ta g e 10 2 .1 8 0 5 .8 6 * *
E r r o r 51 0 .3 7 2
T o t a l 71
♦ ♦ S i g n i f i c a n t  a t  t h e  1% p r o b a b i l i t y  l e v e l .
t a n n i n  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  among h y b r i d s  (T a b l e  1 2 ) .  On th e  
o t h e r  hand ,  DeKalb BR-64 d u r i n g  t h e  dough s t a g e  and DeKalb BR-64 and 
Funk BR-79 d u r i n g  t h e  m a tu re  s t a g e  o f  g r a i n  deve lopm en t  w ere  s i g n i ­
f i c a n t l y  h i g h e r  in  t a n n i n  t h a n  th e  o t h e r  h y b r i d s  ( F i g u r e  2 ) .  As an 
a v e r a g e  o f  h y b r i d s ,  t a n n i n  c o n t e n t  i n c r e a s e d  s i g n i f i c a n t l y  w i t h  seed  
m a t u r i t y .  The a v e r a g e  p e r c e n t  m o i s t u r e  a t  t h e  m i l k ,  dough,  and ma­
t u r e  s t a g e  were  a p p r o x i m a t e l y  49 ,  35 ,  and 16 p e r c e n t ,  r e s p e c t i v e l y .
These  f i n d i n g s  c o n t r a d i c t  t h o s e  found by T i p to n  e t  a l .  (1970) who r e ­
p o r t e d  no a p p r e c i a b l e  r e d u c t i o n  i n  t a n n i n  c o n t e n t  w i t h  s eed  m a t u r i t y ,  
and  B i e b e r  and Merwine (1972) who r e p o r t e d  t h a t  t a n n i n  c o n t e n t  d e c r e a s e d  
w i t h  s e e d  m a t u r i t y .  The d i s s i m i l a r i t y  o f  t h e  r e s u l t s  and th e  low v a l u e s  
o b t a i n e d  d u r i n g  th e  m i l k  and dough s t a g e  i n  t h i s  s tu d y  were  l a r g e l y  due 
t o  the  method o f  h a n d l i n g  the  sam ples  p r i o r  to  t a n n i n  d e t e r m i n a t i o n .
In  1972, immature g r a i n  sam ples  were  s t o r e d  u n d e r  r e f r i g e r a t i o n  a t  -2 C 
f o r  a l m o s t  t h r e e  months  b e f o r e  t h e y  were  a n a l y z e d  f o r  t a n n i n  c o n t e n t .  
S i n c e  t h e  w r i t e r  s u s p e c t e d  t h a t  r e f r i g e r a t i o n  m ig h t  h ave  cau s ed  th e  
low t a n n i n  v a l u e s ,  h ead  sam ples  o f  NK Savanna 3 and Funk BR-79 grown 
d u r i n g  th e  1973 s e a s o n  were c o l l e c t e d  a t  th e  s o f t  dough s t a g e  from two 
r e p l i c a t i o n s .  H a l f  o f  the  s a m p l e s .w e r e  s t o r e d  u n d e r  r e f r i g e r a t i o n  a t  
-2  C f o r  a p e r i o d  o f  2 . 5  months w h i l e  th e  o t h e r  h a l f  w ere  im m e d ia te ly  
analyzed f o r  t a n n i n  c o n t e n t .  M atu re  g r a i n  samples  s t o r e d  f o r  a p e r i o d  
o f  2 months u n d e r  r e f r i g e r a t i o n  a t  -2 C were  a l s o  a n a l y z e d  f o r  t a n n i n  
c o n t e n t .  A l though  the  d a t a  p r e s e n t e d  in  F i g u r e  3 were n o t  s t a t i s t i c a l l y  
a n a l y z e d ,  i t  a p p e a r s  t h a t  a c o n s i d e r a b l e  r e d u c t i o n  in  t a n n i n  c o n t e n t  
o c c u r r e d  when th e  immature g r a i n  samples  were  s t o r e d  u n d e r  r e f r i g e r a t i o n .
T a b le  12. P e r c e n t  t a n n in  o f  c e r t a i n  b i r d - r e s i s t a n t  g r a i n  sorghum h y b r i d s  a s  a f f e c t e d  
by s t a g e  o f  g r a i n  m a t u r a t i o n ,  B a to n  Rouge, 1972
H y b rid
S ta g e  o f  g r a i n  m a t u r a t i o n
M ilk Dough M atu re
DeKalb BR-64 0 .6 7  a 4 .6 8  a 6 .6 5  a
Funk BR-79 0 .6 2  a 2 . 2 0  b 6 .4 7  a
ACCO R -1093 0 .7 3  a 2 .9 5  b 5 .1 0  b
HK Savanna  3 0 .8 4  a 3 .0 8  b 5 .0 9  b
AKS 614 0 .7 5  a 2 .5 8  b 4 .4 9  be
RS 700 0 .4 4  a 2 .1 3  b 3 .4 0  c
C.V. (7.) -  2 0 .8
Means fo l lo w e d  by th e  same l e t t e r  i n  e a c h  column a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
t h e  17. p r o b a b i l i t y  l e v e l  a c c o r d in g  to  t h e  Duncan M u l t i p l e  Range T e s t .
i
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7.0
60-
5.0-
40-
30-
2 0
H 3 RS.700
Deflate BR-64V/A
ACCO R-1093 
NK Savanna 3 
AKS 614 
Funk BR-79
Milk
F ig u r e  2.
ri
1 p1
ll gHg
1 I
1 Siill
Dough
STAGES OF GRAM MATURATION
Matura
P e r c e n t  t a n n in  o f  s i x  g r a i n  sorghum h y b r i d s  a s  a f f e c t e d  by 
s t a g e  o f  g r a i n  m a t u r a t i o n ,  Baton Rouge 1972.
Analyzed immediately after harvest.
Analyzed after storage under refrigeration for a period of 23
months for immature grain and 2 months 
for mature grain.
‘Aw.'.'.'
m m♦V li
8 3 S S :*
Funk BR-79 NK Savanna 3 Funk BR-79 NK S m m  3 
(Immature grein-soft dough) HYBRID ONature grat)
F ig u r e  3. The e f f e c t s  o f  r e f r i g e r a t i o n  on t a n n in  c o n t e n t  o f  m a tu re  and i n n a t u r e  
g r a i n  o f  two g r a i n  sorghum h y b r i d s ,  B aton  Rouge 1973.
•p-
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A p p a r e n t l y ,  no r e d u c t i o n  i n  t a n n in  c o n t e n t  was o b s e rv e d  from m a tu re  
g r a i n  sam p les  s t o r e d  u n d e r  r e f r i g e r a t i o n  a t  -2 °C .  The f a c t o r s  I n ­
v o lv e d  in  th e  r e d u c t i o n  i n  t a n n in  c o n t e n t  o f  im m ature  g r a i n  s t o r e d  
u n d e r  r e f r i g e r a t i o n  need  to  b e  i d e n t i f i e d .
H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  w ere  n o te d  among s t a g e s  o f  g r a i n  
m a t u r a t i o n  and h y b r id s  i n  1973. The s t a g e  o f  g r a i n  m a tu r a t i o n  X h y b r id  
I n t e r a c t i o n  was a l s o  h i g h l y  s i g n i f i c a n t  (T a b le  1 3 ) .  The mean s q u a r e  
f o r  i n t e r a c t i o n  was l a r g e  and in v o lv e d  r e v e r s a l s  i n  r a n k in g  among h y ­
b r i d  a t  d i f f e r e n t  s t a g e s  o f  g r a i n  m a t u r a t i o n .  ACCO R -1093 , NK Savanna 
3 ,  Funk BR-79, and AKS 614 had  h ig h  t a n n in  c o n t e n t  a t  15 days a f t e r  
a n t h e s i s ,  b u t  i t  te n d ed  to  d e c r e a s e  a s  th e  g r a i n  r e a c h e d  m a t u r i t y  (T a b le  
14 and F ig u r e  4 ) .  On th e  o t h e r  h a n d ,  th e  t a n n in  c o n t e n t  o f  RS 700 was 
low a t  15 days  a f t e r  a n t h e s i s ,  t e n d e d  to  I n c r e a s e  a s  th e  g r a i n  re a c h e d  
th e  dough s t a g e  and d e c re a s e d  a s  th e  g r a i n  r e a c h e d  m a t u r i t y .  The low 
t a n n i n  c o n t e n t  o f  RS 700 a t  15 days  a f t e r  a n t h e s i s  p ro b a b ly  a c c o u n te d  f o r  
th e  g r e a t e r  amount o f  b ird -d am ag ed  g r a i n  o f  t h i s  h y b r id  o b s e rv e d  in  th e  
f i e l d  d u r in g  th e  1972 and 1973 s e a s o n s .  I t  s h o u ld  be p o in t e d  o u t  t h a t  th e  
same sam ple  w e ig h ts  w ere  u sed  f o r  t a n n in  d e t e r m i n a t i o n  a t  each  s t a g e  o f  
g r a i n  m a t u r a t i o n ,  b u t  due to  th e  h ig h  m o i s t u r e  c o n t e n t  o f  th e  im mature 
g r a i n ,  a  l a r g e r  number o f  im m ature k e r n e l s  w ere  r e q u i r e d  to  p ro d u ce  a  
s t a n d a r d  d ry  w e ig h t  sam ple  a s  compared to  m a tu re  g r a i n .  Thus, on an i n ­
d i v i d u a l  k e r n e l  b a s i s ,  th e  d a t a  i n  T a b le  14 would h a v e  t o  b e  i n t e r p r e ­
te d  in  a  d i f f e r e n t  m anner.  These f i n d i n g s  do n o t  s u p p o r t  th e  c o n c lu s io n  
drawn by B le b e r  and Merwlne (1972) who c o n c lu d ed  t h a t  t a n n in  c o n t e n t  in  
th e  g r a i n  d e c r e a s e d  w i th  g r a i n  m a tu r a t i o n .  E v i d e n t l y ,  an  e x c e p t io n  to  
t h i s  s t a t e m e n t  can  b e  made w i th  r e s p e c t  to  th e  ty p e  o f  r e s p o n s e  e x h i b i t e d
T able 13. A n a ly s is  o f  v a r ia n c e  fo r  p e r c e n t  tan n in  as a f f e c t e d  by s ta g e  o f  gra in
m a tu ra tio n , Baton Rouge, 1973
S o u rc e  o f  V a r i a t i o n d f Mean Square F-Value
R e p l i c a t i o n 3 0 .1 4 8
H ybr id 5 4 8 .6 2 7 34 .83**
S ta g e 2 4 2 .2 8 5 30 .29**
H ybr id  X S ta g e 10 21 .828 15 .63**
E r r o r 51 1 .396
T o t a l 71
* * S i g n i f i c a n t  a t  t h e  1% p r o b a b i l i t y  l e v e l .
■*>in
T able 14. P ercen t tan n in  o f  c e r t a in  b i r d - r e s i s t a n t  g r a in  sorghum h y b r id s  a s  a f f e c t e d  by s ta g e
o f  g r a in  m a tu ra tio n , Baton Rouge, 1973
S ta g e  o f  g r a i n  m a t u r a t i o n
H y b r id 15 days  a f t e r a n t h e s i s 25 d a y s  a f t e r  a n t h e s i s M atu re
DeKalb BR-64 5 .4 2 c 8 .5 8  ab 8 .0 9  a
Punk BR-79 8 .4 7 b 8 .1 4  ab 6 .3 3  ab
ACCO R -1093 12 .25 a 9 .3 5  a 5 .6 2  b
NK S avanna  3 12 .03 a 9 .1 5  a 5 .1 9  b
AKS 614 8 .9 5 b 6 .5 8  be 4 .6 0  b
RS 700 0 .8 0 d 5 .6 2  c 4 .0 5  b
C.V. (71) -  1 6 .5
Means fo l lo w e d  by th e  same l e t t e r  i n  eac h  column a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  1% 
p r o b a b i l i t y  l e v e l  a c c o r d in g  to  th e  Duncan M u l t i p l e  Range T e s t .
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15 days after anthesis 25 days after anthesis
STAGES OF GRAIN MATURATION
Mature
F ig u r e  4 .  P e r c e n t  t a n n i n  o f  s ix  g r a i n  sorghum h y b r id s  a s  a f f e c t e d  by 
s t a g e  o f  g r a i n  m a t u r a t i o n ,  Baton Rouge 1973
- 48
by RS 700 and DeKalb BR-64. The d a t a  imply  t h a t  t a n n i n  c o n t e n t  v e r s u s  
g r a i n  m a t u r a t i o n  may be h y b r i d  s p e c i f i c  - t h a t  i s ,  c e r t a i n  h y b r i d s  r e ­
a c t  i n  one way, o t h e r s  i n  a d i f f e r e n t  manner .
A l though  c e r t a i n  h y b r i d s  e x h i b i t e d  a r e d u c t i o n  i n  t a n n i n  c o n t e n t  
a t  m a t u r i t y  a s  compared t o  the  dough s t a g e ,  t h e r e  was no i n d i c a t i o n  
t h a t  t a n n i n  d i s s i p a t e d  a t  m a t u r i t y  a s  i n d i c a t e d  by P r i n e  e t  a l .  ( 1967 ) .  
These d a t a  s u g g e s t  t h a t  g r a i n  o f  c e r t a i n  g r a i n  sorghum h y b r i d s  a r e  
r e l a t i v e l y  h ig h  in  t a n n i n  a t  m a t u r i t y .  Data p r e s e n t e d  p r e v i o u s l y  do 
n o t  s u p p o r t  the  c o n t e n t i o n  t h a t  th e  t a n n i n  c o n t e n t  o f  t h e s e  h y b r i d s  
c o u l d  be r ed u ce d  by a l l o w i n g  t h e  g r a i n  to  r e a c h  lower  m o i s t u r e  l e v e l s  
i n  t h e  f i e l d  a f t e r  th e  g r a i n  h a s  r e a c h e d  m a t u r i t y .  I f  t a n n i n  c o n t e n t  
h a s  an i m p o r t a n t  i n f l u e n c e  on f eed  u t i l i z a t i o n  by  a n i m a l s  a s  i n d i c a t e d  
by the  e x p e r i m e n t s  co n d u c te d  e l s e w h e r e  (Chang and P u l l e r ,  1964; F u l l e r  
e t  a l . ,  1966) growers  c o u ld  e x e r c i s e  more c o n t r o l  o v e r  the  f i n a l  t a n n i n  
l e v e l  in  the  g r a i n  by s e l e c t i n g  b i r d - r e s i s t a n t  h y b r i d s  which have  r e ­
duced t a n n i n  l e v e l s  r a t h e r  th a n  t r y i n g  t o  r e d u c e  t a n n i n  l e v e l s  by d e ­
l a y i n g  h a r v e s t  a f t e r  t h e  g r a i n  h a s  r e a c h e d  m a t u r i t y .
S o i l  f e r t i l i t y  - Combined a n a l y s e s  o f  v a r i a n c e  f o r  t a n n i n  c o n t e n t  
a t  A l e x a n d r i a  in  1972 and 1973 i n d i c a t e  t h a t  t a n n i n  c o n t e n t  was a f f e c t e d  
s i g n i f i c a n t l y  by y e a r  and f e r t i l i z e r  a p p l i c a t i o n  (T a b le  1 5 ) .  A p p a r e n t l y ,  
mos t  o f  the  v a r i a b i l i t y  was due to  t h e  main e f f e c t s ,  y e a r  and f e r t i l i z e r  
a p p l i c a t i o n ,  s i n c e  th e  y e a r  X f e r t i l i z e r  a p p l i c a t i o n  i n t e r a c t i o n  was n o t  
s i g n i f i c a n t .  In 1972, t h e  a p p l i c a t i o n  o f  200 pounds o f  n i t r o g e n  and 60 
pounds o f  p h o spho rus  w i t h  and w i t h o u t  p o t a s s i u m  r e s u l t e d  in  s i g n i f i ­
c a n t l y  low er  t a n n i n  c o n t e n t  a s  compared to  th e  n o - f e r t i l i z e r  p l o t  (T a b le  
16 ) .  In  1973,  th e  a p p l i c a t i o n  o f  200 pounds o f  n i t r o g e n  and 60 pounds
T able 15. A n a ly s is  o f  v a r ia n c e  fo r  p erce n t ta n n in  (y e a r s  com bined), s o i l  f e r ­
t i l i t y  t e s t ,  A lex a n d r ia , 1972 and 1973
S o u rc e  o f  V a r i a t i o n d f Mean S q u a re F -V a lu e
Y ear 1 2 .7 5 7 12 .33**
E r r o r  (a ) 6 0 .2 2 3
F e r t i l i z e r 6 1 .353 6 . 0 1 **
Y ear X F e r t i l i z e r 6 0 .1 6 0 NS
E r r o r  (b) 36 0 .2 2 5
T o t a l 55
♦ ♦ S i g n i f i c a n t  a t  th e  1% p r o b a b i l i t y  l e v e l .  
NS N o n - s i g n i f l e a n t .
T able 16. P er cen t tan n in  o f  Funk BR-79 g ra in  sorghum h yb rid  grown on
Norwood s i l t  loam a s a f f e c t e d  by f e r t i l i z e r  a p p l ic a t io n ,
A lex a n d r ia , 1972 and 1973
n - p 2 o5 — k 2o Y ear
a p p l i e d 1972 1973 Mean
( l b s  p e r  a c r e )
o • o ■ o 8 .5 5  a 8 . 0 0  ab 8 .2 7  a
0 -6 0 -6 0 8 . 2 1  abc 7 .4 0  be 7 .8 1  ab
160- 0 -  0 8 .3 8  ab 8 . 0 2  ab 8 . 2 1  a
2 0 0 -  0 -  0 7 .9 6  abc 8 . 0 2  ab 7 .9 9  ab
2 0 0 -60 -  0 7 .5 7  c 7 .1 0  c 7 .3 4  b
2 0 0 -  0 -60 8 .6 0  a 8 .3 0  a 8 .4 5  a
200 -60 -60 7 .8 4  be 7 .1 7  be 7 .5 1  b
C.V. (%) 5 .3 6 .7
Means fo l lo w e d  by th e  same l e t t e r  i n  each  column a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  5% p r o b a b i l i t y  l e v e l  a c c o r d in g  to  th e  Duncan M u l t i p l e  
Range T e s t .
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o f  p h o sp h o ru s  w i th o u t  p o ta s s iu m  r e s u l t e d  in  s i g n i f i c a n t l y  lo w e r  t a n n in  
c o n t e n t  a s  compared to  t h e  n o J - f e r t l l i z g r  p l o t .  When d ie  d a t a  w ere a v e r ­
ag ed  f o r  b o th  y e a r s ,  a s i g n i f i c a n t l y  lo w er  t a n n i n  c o n t e n t  was r e c o rd e d  
when 2 0 0  pounds o f  n i t r o g e n  and 60 pounds o f  pho sp h o ru s  w ere  a p p l i e d  
w i th  and  w i th o u t  p o ta s s iu m  a s  com pared to  th e  n o - f e r t i l i z e r  p l o t .  The 
d a t a  i n d i c a t e  t h a t  when h ig h  r a t e s  o f  n i t r o g e n  a r e  u s e d ,  th e  a p p l i c a ­
t i o n  o f  p h o sp h o ru s  and p o ta s s iu m  may r e s u l t  i n  a  r e d u c t i o n  o f  th e  t a n ­
n in  c o n t e n t  o f  th e  g r a i n .
The a n a l y s i s  o f  v a r i a n c e  f o r  th e  f e r t i l i t y  t e s t  c o n d u c te d  on 
O l i v i e r  s i l t  loam a t  B a ton  Rouge in  1972 and  1973 i s  p r e s e n te d  in  T a b le  
17. Y ear and f e r t i l i z e r  a p p l i c a t i o n  s i g n i f i c a n t l y  in f l u e n c e d  t a n n in  
c o n t e n t .  A s i g n i f i c a n t  y e a r  X f e r t i l i z e r  a p p l i c a t i o n  i n t e r a c t i o n  was 
a l s o  o b t a i n e d .  A lth o u g h  th e  I n t e r a c t i o n  in v o l v in g  y e a r  X f e r t i l i z e r  
a p p l i c a t i o n  was s i g n i f i c a n t ,  i t  was c o n s id e r e d  t o  be o f  m in o r  im por­
t a n c e  s i n c e  a  p a r t i c u l a r  f e r t i l i z e r  a p p l i c a t i o n  c a n n o t  be  recommended 
f o r  a  p a r t i c u l a r  y e a r .  C o n s e q u e n t ly ,  th e  d a t a  w ere  a v e ra g e d  f o r  b o th  
y e a r s  (T ab le  1 8 ) .
In  1972, a d d i t i o n  o f  f e r t i l i z e r s  d i d  n o t  a f f e c t  t a n n i n  c o n t e n t  
s i g n i f i c a n t l y  a l th o u g h  th e  c o n t r o l  p l o t  te n d e d  to  p ro d u ce  h i g h e r  t a n n in  
th a n  th e  f e r t i l i z e d  p l o t s .  On th e  o t h e r  h a n d ,  a d d i t i o n  o f  n i t r o g e n  
a p p l i e d  s i n g l y  o r  in  c o m b in a t io n  w i th  p h o sp h o ru s  and p o ta s s iu m  s i g n i ­
f i c a n t l y  re d u c e d  t a n n in  c o n t e n t  i n  1973. As an  a v e ra g e  o f  b o th  y e a r s ,  
g e n e r a l l y  lo w er  t a n n in  was r e c o r d e d  when n i t r o g e n  was a p p l i e d  s i n g l y  
o r  i n  c o m b in a t io n  w i th  p h o sp h o ru s  and  p o ta s s iu m .  However, when 200 
pounds o f  n i t r o g e n  and 60 pounds o f  p o ta s s iu m  w ere  a p p l i e d  p e r  a c r e
T able 17. A n a ly s is  o f  v a r ia n c e  f o r  p e r c e n t  tan n in  (y e a r s  com bined), s o i l
f e r t i l i t y  t e s t ,  Baton Rouge, 1972 and 1973
S o u rc e  o f  V a r i a t i o n d f Mean S q u a re F -V a lu e
Y ear 1 8 .0 1 6 7.35**
E r r o r  (a ) 6 1.091
F e r t i l i z e r 7 1.198 4 .9 8 * *
Y ear  X F e r t i l i z e r 7 0 .7 2 6 3 .0 2 ^
E r r o r  (b) 42 0 .2 4 0
T o t a l 63
♦ ♦ S i g n i f i c a n t  a t  th e  1% p r o b a b i l i t y  l e v e l .  
♦ S i g n i f i c a n t  a t  t h e  57. p r o b a b i l i t y  l e v e l .
T ab le  18. P ercen t tan n in  o f  Funk BR-79 g r a in  sorghum h yb rid  grown on O l iv ie r  s i l t  loam
as a f f e c t e d  by f e r t i l i z e r  a p p l ic a t io n ,  Baton Rouge, 1972 and 1973
N-P2 ° 5 - K20
a p p l i e d 1972
Y ear
1973 Mean
( l b s  p e r  a c r e )
0 -6 0 -6 0 6 .8 1  a 7 .32 a 7 .0 7  a
5 0 -6 0 -6 0 6 .5 7  a 5 .9 2 b 6 .2 5  b
100-60 -60 6 .6 3  a 6 .0 5 b 6 .3 4  b
150-60-60 6 .5 8  a 5 .4 2 b 6 . 0 1  b
2 0 0 -  0 -  0 6 .6 4  a 5 .5 0 b 6 .0 7  b
2 0 0 -6 0 -  0 6 .3 1  a 5 .3 7 b 5 .8 4  b
2 0 0 -  0 -60 6 .6 5  a 6 .3 2 b 6 .4 9  ab
200 -6 0 -6 0 6 .7 0  a 5 .3 2 b 6 . 0 1  b
C.V. (7.) 7 .6 4^•
00
Means fo l lo w e d  by th e  same l e t t e r  i n  eac h  column a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
t h e  \% p r o b a b i l i t y  l e v e l  a c c o r d in g  to  t h e  Duncan M u l t i p l e  Range T e s t .
54
w i t h o u t  t h e  a d d i t i o n  o f  p h o s p h o ru s ,  t h e  p e r c e n t  t a n n i n  d i d  n o t  d i f f e r  
from th e  c o n t r o l  p l o t .
O v e r - a l l  r e s u l t s  o f  t h i s  s t u d y  s u g g e s t  t h a t  t a n n i n  c o n t e n t  in  
t h e  g r a i n  may be re d u c e d  by j u d i c i o u s  u s e  o f  n i t r o g e n ,  p h o s p h o ru s ,  and 
p o t a s s i u m  f e r t i l i z e r s .  However,  t h e  e x a c t  f a c t o r s  r e s p o n s i b l e  f o r  th e  
d e c r e a s e  i n  t a n n i n  c o n t e n t  by s o i l  f e r t i l i z a t i o n  a r e  n o t  known.
P a r t i a l  s h a d in g  -  P r e v i o u s  s t u d i e s  i n d i c a t e d  t h a t  b a g g i n g  the  
p a n i c l e s  b e f o r e  a n t h e s i s  o r  im m ed ia te ly  t h e r e a f t e r  r e d u c e d  t a n n i n  c o n ­
t e n t  in  t h e  g r a i n  a t  m a t u r i t y  ( H a r r i s  e t  a l . ,  1 970 ) .  The a u t h o r s  e x ­
p l a i n e d  t h a t  the  r e d u c t i o n  i n  t a n n i n  c o n t e n t  o f  b row n-see ded  h y b r i d s  
was due to  a r e d u c t i o n  in  i n t e n s i t y  o f  s eed  c o l o r  by b a g g in g .  Based on 
t h i s  o b s e r v a t i o n ,  a p r e l i m i n a r y  s tu d y  was i n i t i a t e d  in  1973 to  d e t e r m i n e  
t h e  e f f e c t  o f  p a r t i a l  s h a d in g  on g r a i n  t a n n i n  c o n t e n t .
From th e  d a t a  g ive n  in  T a b l e  19 and F ig u re  .5. i t  i s  a p p a r e n t  t h a t  
p a r t i a l  s h a d in g  s i g n i f i c a n t l y  r educed  the  t a n n in  c o n t e n t  o f  RS 700 and NK 
Savanna  2.  There  was no d i f f e r e n t i a l  r e s p o n s e  o f  t h e  h y b r i d s  to  p a r t i a l  
s h a d i n g ,  i n d i c a t i n g  t h a t  the  r e d u c t i o n  in  t a n n i n  c o n t e n t  was s i m i l a r  i n  
b o th  h y b r i d s .  These r e s u l t s  a g r e e  w i th  th o s e  found by H a r r i s  e t  a l .  
( 1 9 7 0 ) .  However, i t  i s  n o t  c l e a r  w h e t h e r  th e  r e d u c t i o n  in  t a n n i n  con ­
t e n t  was due to  r e d u c t i o n  in  l i g h t  p e n e t r a t i o n  a s  p a r t i a l  s h a d in g  p e r ­
m i t t e d  a b o u t  90% l i g h t  p e n e t r a t i o n  i n t o  t h e  canopy o r  due to  th e  
i n c r e a s e d  t e m p e r a t u r e  i n s i d e  t h e  canopy .  T em pera tu re  measurements  made 
once  d u r i n g  th e  c o u r s e  o f  the  s t u d y  i n d i c a t e d  a h i g h e r  t e m p e r a t u r e  i n ­
s i d e  t h e  canopy th a n  o u t s i d e  th e  canopy.  The t e m p e r a t u r e  i n s i d e  the  
canopy was 3 . 3  C h i g h e r  than  t h e  unshaded  t r e a t m e n t .  I t  i s  p o s s i b l e
T a b le  19. The e f f e c t s  o f  p a r t i a l  s h a d in g  on g r a i n  t a n n in  c o n t e n t ,  B aton  
Rouge, 1973
H y b rid Unshaded
P a r t i a l l y
shaded
H y b r id
Mean
X %
NK S avanna  2 7 .6 9 4 .8 4 6 .2 6
RS 700 4 .7 0 2 .6 7 3 .6 8
S h a d in g  Mean 6 .1 9 3 .7 5
LSD.01 -  0 .9 6  Between s h a d in g  t r e a tm e n t
0 .9 6  Between h y b r i d s
C.V. (7.) « 1 1 .8
u«u«
aor
F i g u r e  5.  The e f f e c t s  o f  p a r t i a l  s h a d in g  
on t a n n i n  c o n t e n t  o f  two g r a i n  
sorghum h y b r i d s , Baton Rouge 
1973.
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t h a t  b o t h  f a c t o r s  m ig h t  h a v e  cau s ed  th e  r e d u c t i o n  in  t a n n i n  c o n t e n t  
i n  t h e  g r a i n  when t h e  p l a n t s  were  p a r t i a l l y  s h a d e d .  F u r t h e r  s t u d i e s  
a r e  needed  t o  d e t e r m i n e  t h e  ca u s e  o f  t a n n i n  r e d u c t i o n  r e s u l t i n g  from 
r ed u ce d  l i g h t .  However,  t h e s e  d a t a  s u g g e s t  t h a t  e x t e n d e d  p e r i o d s  o f  
cloudy w e a t h e r  w i t h  low l i g h t  i n t e n s i t y  c o u l d  h a v e  a s i g n i f i c a n t  e f f e c t  
on g r a i n  t a n n i n  c o n t e n t .
R e l a t i o n s h i p  Between Dry M a t t e r  D i s a p p e a r a n c e  
and Tann in  C o n te n t
M atu re  g r a i n  samples  o f  s i x  h y b r i d s  grown a t  A l e x a n d r i a  and 
Baton  Rouge i n  1973 were  a n a l y z e d  f o r  t a n n i n  c o n t e n t  and i n  v i t r o  d r y  
m a t t e r  d i s a p p e a r a n c e .  A n a ly s e s  o f  v a r i a n c e  f o r  t h e  d a t a  on d ry  m a t t e r  
d i s a p p e a r a n c e  were  computed f o r  each  l o c a t i o n  s e p a r a t e l y  and f o r  l o c a ­
t i o n s  combined .  To e v a l u a t e  t h e  d e g r e e  o f  a s s o c i a t i o n  be tween  t a n n i n  
c o n t e n t  and i n  v i t r o  d r y  m a t t e r  d i s a p p e a r a n c e ,  s im p l e  c o r r e l a t i o n  c o ­
e f f i c i e n t s  were  c a l c u l a t e d .
I t  i s  a p p a r e n t  from the  d a t a  c o n t a i n e d  i n  T a b l e  20 t h a t  RS 700 
was s i g n i f i c a n t l y  h i g h e r  in  d r y  m a t t e r  d i s a p p e a r a n c e  ( P < ,  .01)  a s  com­
p a r e d  t o  t h e  o t h e r  h y b r i d s .  T h i s  was t r u e  a t  i n d i v i d u a l  l o c a t i o n s  and 
a s  an a v e r a g e  o f  l o c a t i o n s .  As an a v e r a g e  o f  l o c a t i o n s ,  t h e  d ry  m a t t e r  
d i s a p p e a r a n c e  f o r  RS 700 was 13% h i g h e r  than  f o r  Funk BR-79.  No s i g n i ­
f i c a n t  l o c a t i o n  e f f e c t  o r  l o c a t i o n  X h y b r i d  i n t e r a c t i o n  was o b s e r v e d .  
The h i g h  d i g e s t i b i l i t y  o f  the  g r a i n  o f  RS 700 was p r o b a b l y  due to  i t s  
low t a n n i n  c o n t e n t .
An i n v e r s e  r e l a t i o n s h i p  e x i s t e d  be tw een  d r y  m a t t e r  d i s a p p e a r a n c e  
and t a n n i n  c o n t e n t  a t  b o th  l o c a t i o n s .  A h i g h  n e g a t i v e  c o r r e l a t i o n
T a b le  20. P e r c e n t  in  v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e  o f  c e r t a i n  b i r d - r e s i s t a n t  
g r a i n  sorghum h y b r i d s ,  1973
H y b rid
L o c a t io n
A le x a n d r i a B aton  Rouge H y b rid  Mean
RS 700 74 .3 7  a 7 6 .5 0  a 7 3 .4 3  a
ACCO R-1093 6 6 . 0 1  b 6 6 .0 6  b 6 6 .0 3  b
NK Savanna 3 6 6 . 6 8  b 5 9 .9 1  b 6 3 .2 9  b
DeKalb BR-64 6 2 .2 9  b 6 2 .3 1  b 6 2 .2 5  b
Funk BR-79 6 1 .3 8  b 5 9 .2 2  b 6 0 .3 0  b
L o c a t io n  Mean 6 6 .4 2 X 6 4 .6 8 X
C.V. (%) 2 .3 3 .1
Means fo l lo w e d  by th e  same l e t t e r  i n  each  colum n a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  th e  1% p r o b a b i l i t y  l e v e l  a c c o r d in g  to  t h e  Duncan M u l t i p l e  Range T e s t .
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( r  = -0 .8 1 4 * * )  was o b ta in e d  be tw een  t a n n in  c o n t e n t  and in  v i t r o  d ry  
m a t t e r  d i s a p p e a r a n c e  f o r  th e  sam ples  grown a t  A le x a n d r i a  ( F ig u r e  6 ) .
The c o r r e l a t i o n  c o e f f i c i e n t  be tw een  t a n n in  c o n t e n t  and  in  v i t r o  d ry  
m a t t e r  d i s a p p e a r a n c e  o b ta in e d  a t  B aton  Rouge was m o d e ra te ly  h ig h  
( r  = -0 .6 1 6 * )  and s i g n i f i c a n t  a t  th e  57, l e v e l  o f  p r o b a b i l i t y  (F ig u r e  
7 ) .  The c o e f f i c i e n t s  o f  d e t e r m i n a t i o n  (R^) i n d i c a t e d  t h a t  65 and 38% 
o f  th e  v a r i a b i l i t y  among th e  s i x  h y b r id s  f o r  in  v i t r o  d ry  m a t t e r  d i s ­
a p p e a ra n c e  a t  A le x a n d r i a  and Baton Rouge, r e s p e c t i v e l y ,  was due to  h ig h  
g r a i n  t a n n i n .
The r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  a r e  in  c l o s e  ag re e m e n t  w i th  
t h o s e  r e p o r t e d  e a r l i e r  ( H a r r i s ,  1969; H a r r i s  e t  a l . ,  1970).  The d a t a  
s t r o n g l y  s u p p o r t  t h e  c o n t e n t i o n  t h a t  h i g h  t a n n i n  in  th e  g r a i n  a d v e r s e l y  
a f f e c t s  d i g e s t i b i l i t y  and e f f i c i e n t  u t i l i z a t i o n  o f  g r a i n  sorghum. S in c e  
h i g h  t a n n i n  c o n t e n t  a d v e r s e l y  a f f e c t s  d i g e s t i b i l i t y  and b e c a u se  h i g h  
t a n n i n  c o n t e n t  i s  a s s o c i a t e d  w i t h  r e s i s t a n c e  to  b i r d  d e p r e d a t i o n  
(M cM il l ian  e t  a l . ,  1972) and g r a i n  d e t e r i o r a t i o n  ( H a r r i s  and Burns ,
1970; H a r r i s  and B u rn s ,  1973), b r e e d i n g  programs s h o u ld  be  d i r e c t e d  
toward  th e  p r o d u c t i o n  o f  h y b r i d s  which p o s s e s s  i n t e r m e d i a t e  g r a i n  t a n ­
n i n  c o n t e n t .  S e v e r a l  o f  the  h y b r i d s  e v a l u a t e d  f o r  t a n n i n  c o n t e n t  a t  
B a ton  Rouge may f i t  t h i s  c a t e g o r y  (T ab le  4 ) .
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F ig u re  6 .  S c a t t e r  d iag ram  showing r e l a t i o n s h i p  
betw een p e r c e n t  ta n n in  and in  v i t r o  
d ry  m a t t e r  d i s a p p e a r a n c e ,  A le x a n d r ia  
1973.
r«-(X016
40 90 60 7.0 a o  ao
Parcent tannin
F ig u re  7. S c a t t e r  d ia g ra m  showing th e  r e l a t i o n ­
s h ip  betw een p e r c e n t  t a n n in  and in  
v i t r o  d ry  m a t t e r  d i s a p p e a r a n c e ,
Baton Rouge 1973.
SUMMARY AND CONCLUSION
A s e r i e s  o f  e x p e r i m e n t s  was co n d u c ted  to  c h a r a c t e r i z e  a v a i l a b l e  
b i r d - r e s i s t a n t  g r a i n  sorghum h y b r i d s  f o r  t a n n i n  c o n t e n t  and t o  d e t e r ­
mine t h e  e f f e c t s  o f  such  f a c t o r s  a s  p r o d u c t i o n  l o c a t i o n ,  s o i l  f e r t i l i t y ,  
s t a g e  o f  g r a i n  m a t u r a t i o n  and p a r t i a l  s h a d in g  on g r a i n  t a n n i n  c o n t e n t .  
Tannin  c o n t e n t  was d e t e rm in e d  by the  v a n i l l i n - H C L  method d e s c r i b e d  
by Burns (1971) and r e p o r t e d  a s  " C a t e c h i n  E q u i v a l e n t s . "  The r e l a t i o n ­
s h i p  between t a n n i n  c o n t e n t  and in  v i t r o  d r y  m a t t e r  d i s a p p e a r a n c e  was 
e v a l u a t e d .  In  v i t r o  d r y  m a t t e r  d i s a p p e a r a n c e  was d e t e r m i n e d  by the  
m o d i f i e d  t w o - s t a g e  t e c h n i q u e  d e s c r i b e d  by T i l l e y  and T e r r y  (1 9 6 3 ) .  
R e s u l t s  o f  t h e s e  s t u d i e s  a r e  b r i e f l y  summarized be low.
Among th e  h y b r i d s  e v a l u a t e d  in  1972, E x ce l  B i rd  Go, DeKalb BR- 
64,  Funk BR-79, TWO 75 BR, NK Savanna ,  NK Savanna 2,  and ACCO R-1093 
c o n t a i n e d  t a n n i n  h i g h e r  than  6% w h i l e  RS 700,  McNair  880 ,  and ACCO X 
9417 BR c o n t a i n e d  t a n n i n  lower  th a n  4%. In  1973, P i o n e e r  b ran d  X B 110 
and DeKalb BR-54 had  t a n n i n  c o n t e n t s  h i g h e r  than  6% w h i l e  ACCO X 941/
BR, McCurdy 11 and DeKalb X 1602 had t a n n i n  c o n t e n t s  lower  than  4%.
I t  s h o u ld  be n o t e d  t h a t  ACCO X 9417 BR was p l a n t e d  i n  b o th  s e a s o n s  
and th e  t a n n i n  v a l u e s  o b t a i n e d  were 3 .64  and 3.15% i n  1972 and 1973, 
r e s p e c t i v e l y .  I n t e r m e d i a t e  t a n n i n  l e v e l s  were  r e c o r d e d  f o r  s e v e r a l  
h y b r i d s .  These r e s u l t s  i n d i c a t e  t h a t  b i r d - r e s i s t a n t  h y b r i d s  v a ry  
c o n s i d e r a b l y  i n  t a n n i n  c o n t e n t .  The v a r i a t i o n  was p r o b a b ly  r e l a t e d  t o  
th e  g e n e t i c  makeup o f  th e  h y b r i d s .
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T ann in  c o n t e n t  was in f l u e n c e d  by  h y b r i d ,  l o c a t i o n  and y e a r .  S i g ­
n i f i c a n t  d i f f e r e n c e s  f o r  p e r c e n t  t a n n in  o c c u r r e d  among th e  h y b r i d s  a t  
a l l  l o c a t i o n s  i n  1972. DeKalb BR-64 and Funk BR-79 c o n t a in e d  th e  
h i g h e s t  mean t a n n i n ;  th e  lo w e s t  t a n n in  c o n t e n t  was o b t a i n e d  f o r  RS 
700. H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  w ere n o te d  among l o c a t i o n s  f o r  
p e r c e n t  t a n n in  i n  1972. The h i g h e s t  mean p e r c e n t  t a n n i n  was o b ta in e d  
a t  A le x a n d r i a  w h i le  th e  lo w e s t  mean p e r c e n t  t a n n in  was o b ta in e d  a t  
B o s s i e r  C i t y .  T h ere  was a  h i g h l y  s i g n i f i c a n t  l o c a t i o n  X h y b r id  i n t e r ­
a c t i o n  b u t  t h i s  i n t e r a c t i o n  w s b  p ro b a b ly  due to  ch an g es  i n  m a g n itu d e  
r a t h e r  th a n  r e v e r s a l s  i n  r a n k in g .  RS 700 had  th e  lo w e s t  p e r c e n t  t a n ­
n in  a t  a l l  l o c a t i o n s  w h i le  Funk BR-79 was e i t h e r  h i g h e s t  o r  second  in  
r a n k  f o r  p e r c e n t  t a n n in  a t  a l l  l o c a t i o n s .
S i m i l a r  r e s u l t s  w ere  o b t a in e d  in  1973. S i g n i f i c a n t  d i f f e r e n c e s  
f o r  p e r c e n t  t a n n in  w ere n o te d  among th e  h y b r id s  a t  a l l  l o c a t i o n s .
DeKalb BR-64 c o n t a in e d  th e  h i g h e s t  mean p e r c e n t  t a n n i n .  As an a v e ra g e  
o f  h y b r i d s ,  th e  h i g h e s t  l o c a t i o n  mean f o r  p e r c e n t  t a n n in  was o b ta in e d  
a t  S t .  J o s e p h  fo l lo w e d  in  d e s c e n d in g  o r d e r  by A l e x a n d r i a ,  B o s s i e r  C i ty  
and B aton  Rouge. A h i g h l y  s i g n i f i c a n t  l o c a t i o n  X h y b r id  i n t e r a c t i o n  
was o b se rv e d  b u t  th e  i n t e r a c t i o n  was a g a i n  p ro b a b ly  m a in ly  due to  
changes  i n  m a g n itu d e  r a t h e r  th a n  r e v e r s a l s  i n  r a n k in g  among th e  h y b r i d s .  
DeKalb BR-64 and Funk BR-79 ran k ed  f i r s t  and s e c o n d ,  r e s p e c t i v e l y ,  f o r  
p e r c e n t  t a n n in  a t  a l l  l o c a t i o n s .  On th e  o t h e r  h a n d ,  e i t h e r  AKS 614 
o r  RS 700 o c c u p ie d  th e  f i f t h  and  s i x t h  p o s i t i o n s  d e p e n d in g  on l o c a t i o n .
When th e  d a t a  w ere  a v e ra g e d  o v e r  b o th  y e a r s ,  DeKalb BR-64 co n ­
t a i n e d  h ig h  g r a i n  t a n n in  w h i le  RS 700 was low in  g r a i n  ta n n in  a t
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m a t u r i t y .  With  the  e x c e p t i o n  o f  AKS 614 ,  which e x h i b i t e d  m o d e r a t e l y  
low t a n n i n ,  the  o t h e r  h y b r i d s  c o n t a i n e d  i n t e r m e d i a t e  t a n n i n  l e v e l s .
As an  a v e ra g e  o f  h y b r i d s ,  s i g n i f i c a n t l y  h i g h e r  p e r c e n t  t a n n in  l e v e l s  
were p roduced  a t  A le x a n d r ia  and S t .  J o s e p h .  H ig h ly  s i g n i f i c a n t  f i r s t  
and second  o r d e r  i n t e r a c t i o n s  w ere o b ta in e d  in  th e  a n a l y s i s  o f  v a r i ­
a n c e .  V a r i a b i l i t y  i n  t a n n in  c o n t e n t  was p ro b a b ly  due to  d i f f e r e n c e s  
in  s o i l  f e r t i l i t y ,  l i g h t  i n t e n s i t y ,  r a i n f a l l ,  and te m p e r a tu r e .
I n c o n s i s t e n t  r e s u l t s  were o b t a i n e d  on th e  e f f e c t  o f  s t a g e  o f  
g r a i n  m a t u r a t i o n  on t a n n i n  c o n t e n t .  In  1972, t a n n i n  c o n t e n t  i n ­
c r e a s e d  w i t h  s eed  m a t u r i t y .  The r e v e r s e  was t r u e ,  however ,  i n  1973.  
DeKalb BR-64 and RS 700 were  low in  t a n n i n  a t  15 days  a f t e r  a n t h e s i s ,  
h i g h  a t  25 days  a f t e r  a n t h e s i s  and d e c l i n e d  s l i g h t l y  a t  m a t u r i t y .  The 
o t h e r  h y b r i d s  were h i g h  in  t a n n i n  a t  15 days  a f t e r  a n t h e s i s  b u t  d e ­
c r e a s e d  w i t h  s eed  m a t u r i t y .  Th i s  a p p a r e n t  d i s c r e p a n c y  was l a r g e l y  
due t o  t h e  method o f  h a n d l i n g  the  samples  p r i o r  t o  t a n n i n  d e t e r m i n a ­
t i o n .  Samples were s t o r e d  u n d e r  r e f r i g e r a t i o n  a t  -2 C i n  1972 
b u t  n o t  i n  1973.  The e v i d e n c e  c o l l e c t e d  p o i n t s  o u t  t h a t  r e f r i g e r a ­
t i o n  c o n s i d e r a b l y  reduce d  th e  t a n n i n  c o n t e n t  o f  immature g r a i n .  The 
d a t a  s u g g e s t  t h a t  v a r i a t i o n  i n  t a n n i n  c o n t e n t  a t  d i f f e r e n t  s t a g e s  o f  
m a t u r i t y  was p r o b a b l y  a h y b r i d  s p e c i f i c  r e a c t i o n  - t h a t  i s ,  c e r t a i n  
h y b r i d s  r e a c t  i n  one way,  w h i l e  o t h e r s  e x h i b i t  a  d i f f e r e n t  r e a c t i o n .
F e r t i l i z e r  a p p l i c a t i o n  i n f l u e n c e d  the  g r a i n  t a n n i n  c o n t e n t  o f  
Funk BR-79 grown a t  A l e x a n d r i a  and Baton Rouge i n  1972 and 1973.  The 
d a t a  i n d i c a t e d  t h a t  a d d i t i o n  o f  n i t r o g e n  and phosphorus  w i t h  and 
w i t h o u t  p o t a s s i u m  may have  reduce d  th e  t a n n i n  c o n t e n t .  No p l a u s i b l e  
e x p l a n a t i o n  was o f f e r e d  to  e x p l a i n , t h e s e  r e s u l t s .
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P a r t i a l  s h a d in g  s i g n i f i c a n t l y  r e d u c e d  g r a i n  t a n n i n  c o n t e n t  o f  
RS 700 and NK Savanna 2.  The r e d u c t i o n  i n  t a n n i n  c o n t e n t  r e s u l t i n g  
from p a r t i a l  s h a d i n g  was p r o b a b l y  due to  re d u c e d  l i g h t  i n t e n s i t y  o r  
i n c r e a s e d  t e m p e r a t u r e  o r  b o t h .
D a ta  o b t a i n e d  f o r  i n  v i t r o  d r y  m a t t e r  d i s a p p e a r a n c e  c l e a r l y  
d e m o n s t r a t e d  t h a t  ground g r a i n  sam p les  o f  RS 700,  a  t a n - s e e d e d  h y b r i d  
low i n  t a n n i n , w e r e  d i g e s t e d  b e t t e r  th a n  ground g r a i n  sam ples  o f  Funk 
BR-79,  a b row n-seeded  h y b r i d  h i g h  i n  t a n n i n .  An i n v e r s e  r e l a t i o n s h i p  
was n o t e d  be tween  t a n n i n  c o n t e n t  and in  v i t r o  d r y  m a t t e r  d i s a p p e a r a n c e .  
High n e g a t i v e  c o r r e l a t i o n s  were  o b t a i n e d  from g r a i n  samples  grown a t  
A l e x a n d r i a  ( r  = -0 .8 1 4 * * )  and a t  Baton  Rouge ( r  = - 0 . 6 1 6 * ) .  C o e f f i ­
c i e n t s  o f  d e t e r m i n a t i o n  (R^) i n d i c a t e d  t h a t  65 and 38% o f  t h e  v a r i a ­
b i l i t y  f o r  i n  v i t r o  d r y  m a t t e r  d i s a p p e a r a n c e  o f  th e  h y b r i d s  grown a t  
A l e x a n d r i a  and Baton  Rouge,  r e s p e c t i v e l y ,  was due  t o  h i g h  g r a i n  t a n n i n .
From the  e v i d e n c e  p r e s e n t e d ,  i t  a p p e a r s  t h a t  s e v e r a l  f a c t o r s  
a f f e c t  t a n n i n  c o n t e n t  o f  g r a i n  sorghum h y b r i d s .  However,  i t  i s  n o t  
c l e a r  a s  to  why such  f a c t o r s  a f f e c t  t a n n i n  c o n t e n t .  An u n d e r s t a n d i n g  
o f  how t a n n i n  i s  s y n t h e s i z e d  i n  g r a i n  sorghum may c e r t a i n l y  e l u c i d a t e  
t h e  v a r i o u s  o b s e r v a t i o n s  n o t e d .  With  r e s p e c t  to  t h e  r e l a t i o n  o f  t a n n i n  
l e v e l s  to  f e e d i n g  v a l u e  o f  g r a i n  sorghum,  t h e r e  i s  s u b s t a n t i a l  e v id e n c e  
t o  s u p p o r t  t h e  c o n t e n t i o n  t h a t  h i g h  t a n n i n  a d v e r s e l y  a f f e c t s  d i g e s t i b i l  
i t y  and u t i l i z a t i o n  o f  g r a i n  sorghum. High t a n n i n ,  how ever ,  i n c r e a s e s  
t h e  r e s i s t a n c e  o f  th e  h y b r i d  to  b i r d  d e p r e d a t i o n  and g r a i n  d e t e r i o r a ­
t i o n .  H iese  c h a r a c t e r i s t i c s  a r e  p a r t i c u l a r l y  i m p o r t a n t  t o  sorghum 
g row ers  i n  humid r e g i o n s .  An a l t e r n a t i v e  a p p r o a c h ,  t h e r e f o r e ,  would be  
t o  u s e  h y b r i d s  t h a t  have  i n t e r m e d i a t e  g r a i n  t a n n i n  l e v e l s .
REFERENCES
B a te - S m l th ,  E . C. and V. R a s p e r .  1969. T an n in s  o f  g r a i n  sorghum: 
L u t e o f o r o l  ( L e u c o l u t e o l i n i d l n ) , 3; 4 ,  4 ;  5 ,  7 -p e n ta h y d ro x y -  
f l a v a n .  J .  Food S c l .  34: 20 3 -2 0 9 .
B a te - S m l th ,  E. C. and T. S w ain .  1967. New le u c o a n th o c y a n ln s  In  
g r a s s e s .  N a tu re  213: 1033.
B le b e r ,  G. L. and N. C. M erw ine. 1972. T e s t s  s tu d y  g r a i n  sorghum 
t a n n i n  c o n t e n t .  M is s .  Farm R es. 34: 8 .
B l e s s l n ,  G. W., C. H. Van E t t e n  and  R. J .  D lm le r .  1963. An exam i­
n a t i o n  o f  a n th o c y a n o g e n s  i n  g r a i n  sorghum . C e r e a l  Chem. 40 ; 
241-250 .
B u rn s ,  R. E . 1963. M ethods o f  t a n n in  a n a l y s i s  f o r  f o r a g e  c ro p  
e v a l u a t i o n .  G e o rg ia  A g r l .  E x p t .  S t a .  T ech . B u l l .  328.
B u rn s ,  R. E. 1971. Method o f  e s t i m a t i o n  o f  t a n n i n  i n  g r a i n  sorghum. 
A gron. J .  63: 51 1 -5 1 2 .
Chang, S . I .  and H. L. F u l l e r .  1964. E f f e c t  o f  t a n n in  c o n t e n t  o f  
g r a i n  sorghum on t h e i r  f e e d i n g  v a l u e  f o r  g row ing  c h i c k s .
P o u l t r y  S c l .  43 :  32 .
Cope, W. A. and J .  C. B u rn s .  1971. R e l a t i o n s h i p  be tw een  t a n n i n
l e v e l s  and  n u t r i t i v e  v a l u e  o f  s e r i c a a .  Crop S c l .  11: 23 1 -2 3 3 .
Cummins, D. G. 1971. R e l a t i o n s h i p  be tw een  t a n n in  c o n t e n t  and f o r a g e  
d i g e s t i b i l i t y  In  sorghum . A gron. J .  63: 5 00 -502 .
Damron, B. L . , G. M. P r l n e  and  R. H. H a rn s .  1968. E v a l u a t i o n  o f  v a r i -  
. o u s  b i r d - r e s i s t a n t  and h o n ^ b i r d - r e s i s t a n t  v a r i e t i e s  o f  g r a i n  
sorghum  f o r  u s e  i n  b r o i l e r  d i e t s .  P o u l t r y  S c l .  10: 2 0 0 -202 .
D o n n e l ly ,  E. B. 1959. The e f f e c t  o f  s e a s o n ,  p l a n t  m a t u r i t y  and
h e i g h t  on th e  t a n n in  c o n t e n t  o f  s e r l c e a  l e s p e d e z a .  A gron. J .
51: 71 -7 3 .
D o n n e l ly ,  E. B. and W. B. A nthony . 1969. R e l a t i o n s h i p  o f  t a n n i n ,  d ry  
m a t t e r  d i g e s t i b i l i t y  and c ru d e  p r o t e i n  i n  s e r l c e a  l e s p e d e z a .
Crop S c i .  9: 3 6 1 -362 .
D o n n e l ly ,  E. B. and W. B. A n thony . 1970. E f f e c t  o f  g e n o ty p e  and t a n ­
n in  on d ry  m a t t e r  d i g e s t i b i l i t y  i n  s e r l c e a  l e s p e d e z a .  Crop S c i .  
10: 200- 202 .
65
66
F r y ,  J .  I . ,  6 . M. H e r r i c k ,  G. M. F r l n e  and  R. H. H a m s .  1972. E f f e c t  
o f  b i r d - r e s i s t a n t  sorghum  and t a n n i c  a c i d  on y o lk  m o t t l i n g .  
P o u l t r y  S c i .  51 ( 5 ) :  1540-1543 .
F u l l e r ,  H. L . , K. P o t t e r  and A. R. Brown. 1966. The f e e d i n g  v a l u e  
o f  g r a i n  sorghum  in  r e l a t i o n  t o  t h e i r  t a n n i n  c o n t e n t .  U n iv . 
o f  G e o rg ia  A g r l .  E x p t .  S t a .  B u l l .  NS 176.
H a le ,  F. and C. M. Lyman. 1961. L y s in e  s u p p le m e n ta t io n  o f  sorghum 
g r a i n - c o t t o n s e e d  m ea l r a t i o n s  f o r  g r o w i n g - f a t t e n i n g  p i g s .  J .  
A nim al S c i .  20: 73 4 -7 3 6 .
H a l l o r a n ,  H. R. and A. B. M aunder. 1971. N u t r i t i o n a l  e v a l u a t i o n  w i th  
" b i r d  r e s i s t a n t "  and  y e l lo w -e n d o sp e r tn  sorghum . P o u l t r y  S c i .
50: 1582.
H a r r i s ,  H. B. 1969. B i rd  r e s i s t a n c e  i n  g r a i n  sorghum . P r o c .  2 4 th  
Ann. C om  and  Sorghum R e s e a rc h  Conf. 1 13 -122 .
H a r r i s ,  H. B. and  R. E. B u m s .  1970. I n f l u e n c e  o f  t a n n i n  c o n t e n t  on 
p r e h a r v e s t  s eed  g e r m in a t io n  In  sorghum . A gron. J .  62: 8 3 5 -8 3 7 .
H a r r i s ,  H. B . ,  D. G. C u m in s  and  R. E. B u m s ,  1970. T an n in  c o n t e n t  
and d i g e s t i b i l i t y  o f  g r a i n  sorghum a s  i n f l u e n c e d  by b a g g in g .  
A gron. J .  62: 6 3 3 -6 3 5 .
H a r r i s ,  H. B. and R. E . B u m s .  1973. R e l a t i o n s h i p  be tw een  t a n n in  
c o n t e n t  o f  sorghum g r a i n  and  p r e h a r v e s t  s e e d  m o ld in g .  A gron.
J .  65 ( 6 ) :  9 57 -959 .
H athaw ay, D. C. 1959. E x p e r im e n ts  on th e  o r i g i n  o f  o a k - b a r k  t a n n i n .  
B iochem. J .  71 ( 3 ) :  5 3 3 -5 3 7 .
H l l l l e r ,  J .  C . ,  J .  J .  M a r t i n  and G. R. H a l l e r .  1959. The r e l a t i v e
v a l u e  o f  s i x  v a r i e t i e s  o f  m l lo  f o r  g row ing  and  f i n i s h i n g  s w in e .  
Oklahoma A g r l .  E x p t .  S t a .  M isc .  P u b l .  MP-55, 4 1 -4 6 .
I c a z a ,  E . A. and D. M. T h r a s h e r .  1972. F e e d in g  v a l u e  o f  s e v e r a l  g r a i n
sorghum h y b r i d s  f o r  g row ing  and f i n i s h i n g  s w in e .  T w e lf th  L iv e ­
s t o c k  P ro d u c e r s  Day, L o u i s i a n a  S t a t e  U n iv .  2 02 -208 .
K ram er, N. W. and W. M. R o ss .  1970. C u l t i v a t i o n  o f  g r a i n  sorghum in  
th e  U n i te d  S t a t e s .  In  Sorghum P r o d u c t i o n  and U t i l i z a t i o n .  A v i.  
P u b l i s h i n g  C o . ,  I n c .  C o n n e c t i c u t  167-199 .
L eo n a rd ,  W. H. and J .  H. M a r t i n .  1963. C e r e a l  c r o p s .  1 s t  e d .  The
M acM illan  Co. New Y ork . 6 7 9 -7 3 9 .
67
L oyacano , A. F . ,  W. A. N ip p e r  and  F. G. Hembry. 1972. L o u i s i a n a  grown 
b i r d - r e s i s t a n t  h y b r i d  g r a i n  sorghum  com pared to  c o rn  In  f i n i s h ­
in g  r a d o n s .  T w e lf th  L i v e s to c k  P ro d u c e r s  Day, L o u i s i a n a  S t a t e  
U n iv .  153-156 .
M a r t i n ,  J .  H. 1970. H i s t o r y  and c l a s s i f i c a t i o n  o f  sorghum Sorghum 
b i c o l o r  ( L i n n . )  Moench. In  Sorghum p r o d u c t i o n  and u t i l i z a ­
t i o n .  Avl P u b l i s h i n g  C o . ,  I n c .  C o n n e c t i c u t  1 -27 .
Mamon* E. D . ,  L. E. C la r k ,  L. W. Rooney and  J .  W. Jo h n so n .  1972. F ac ­
t o r s  a f f e c t i n g  th e  t a n n in  c o n t e n t  o f  sorghum g r a i n  a s  d e te rm in e d  
by two m ethods o f  t a n n in  a n a l y s i s .  Crop S c i .  12: 233 -235 .
M cG lnty , D. D. 1968. F a c t o r s  a f f e c t i n g  th e  d i g e s t i b i l i t y  o f  v a r i e ­
t i e s  o f  sorghum g r a i n  by b e e f  c a t t l e .  Ph . D. D i s s e r t a t i o n  
Texas A & M U niv .
M cG lnty , D. D. and J .  K. R ig g s .  1968. V a r i a t i o n  in  d i g e s t i b i l i t y  o f  
sorghum g r a i n  v a r i e t i e s .  J .  Animal S c l .  1170.
M cG lnty , D. D . ,  J .  K. R iggs  and H. 0 .  K unkel.  1969. F a c t o r s  a f f e c t ­
in g  in  v i t r o  d i g e s t i b i l i t y  o f  sorghum g r a i n .  J .  Animal S c l .
29: 165.
M c M ll l ia n ,  W. W., B. R. Wiseman, R. E. B u m s ,  H. B. H a r r i s  and G. L.
G re e n e .  1972. B i rd  r e s i s t a n c e  i n  d i v e r s e  gennp lasm  o f  sorghum; 
A gron. J .  64: 82 1 -8 2 2 .
P o t t e r ,  D. K . , H. L. F u l l e r  and  C. D. B la c k s h e a r .  1967. E f f e c t  o f  
t a n n i c  a c i d  on egg p r o d u c t i o n  and  egg y o lk  m o t t l i n g .  P o u l t r y  
S c i .  46 : 1508-1512.
P r i n e ,  G. M ., M. C. L u t r i c k  and  R. W. L ipscom b. 1967. Old c ro p  h as  
new o u t l o o k .  S u n s h in e  S t a t e  A g r i c u l t u r e  12 ( 3 ) :  12 -1 3 .
Q u is e n b e r r y ,  J .  H. and  T. D. T a n k s le y  J r .  1970. G ra in  sorghum in
p o u l t r y  and  sw ine  n u t r i t i o n .  In  Sorghum P r o d u c t i o n  and U t i l i ­
z a t i o n .  A vl P u b l i s h i n g  C o . ,  I n c .  C o n n e c t i c u t  53 4 -5 7 2 .
Roux, D. G. 1957. Some r e c e n t  ad v a n c e s  i n  th e  i d e n t i f i c a t i o n  o f  
l e u c o a n th o c y a n in s  and  th e  c h e m is t r y  o f  condensed  t a n n i n s .
N a tu re  180: 9 7 3 -975 .
S m a r t ,  W. W. G. J r . ,  T. A. B e l l ,  N. W. S t a n l e y  and W. A. Cope. 1961.
I n h i b i t i o n  o f  rumen c e l l u l a s e  by an e x t r a c t  from s e r l c e a  f o r a g e .  
J .  D a i r y  S c i .  44 : 1945-1946 .
S t e e l e , R .  D. G. and J .  H. T o r r i e .  1960. P r i n c i p l e s  and p ro c e d u re s  
o f  s t a t i s t i c s .  M cG raw -H ill C o . ,  I n c .  New York 107-109 .
68
S t i t t ,  R. E. and  I .  D. C la rk .  1941. The r e l a t i o n  o f  t a n n in  c o n t e n t  
o f  s e r l c e a  l e s p e d e z a  to  s e a s o n .  J .  Amer. S o c .  Agron. 35: 944- 
954.
S t i t t ,  R. E . , H. L. H yland  and R. McKee. 1946. T ann in  and g row th
v a r i a t i o n  o f  a  s e r l c e a  l e s p e d e z a  c lo n e  in  r e l a t i o n  to  s o i l  ty p e .  
Agron. J .  38: 1003-1009.
S tru m e y e r ,  D. H. and M. J .  M a iIn .  1969. I d e n t i f i c a t i o n  o f  t h e  am y lase
i n h i b i t o r  from s e e d s  o f  L e o t i  sorghum* Biochem. B lo p h y s .  A c ta .  
184: 643-645 .
Sw ain , T. 1965. The t a n n i n s .  In  P l a n t  B io c h e m is t r y .  Academic P r e s s  
I n c .  New Y ork. 5 5 2 -5 7 9 .
T h a y e r ,  R. H . ,  J .  B. S i e g l i n g e r  and V. G. H e l l e r .  1957. Oklahoma
g r a i n  sorghum f o r  g row ing  c h i c k s .  O k la .  E x p t .  S t a .  B u l l .  4 87 .
8  pp .
T i l l e y ,  J .  M. A. and  R. A. T e r r y .  1963. A tw o - s ta g e  t e c h n iq u e  f o r
th e  i n  v i t r o  d i g e s t i o n  o f  f o r a g e  c r o p s .  J .  B r i t i s h  G r a s s l a n d
S o c i e t y .  104-111 .
T i p to n ,  K. W., E. H. F lo y d ,  J .  G. M a r s h a l l ,  and J .  B. M c D e v it t .  1970. 
R e s i s t a n c e  o f  c e r t a i n  g r a i n  sorghum h y b r id s  to  b i r d  damage in  
L o u i s i a n a .  Agron. J .  62: 211-213 .
T ip to n ,  K. W., J .  L. B a r t l e s o n ,  J .  G. M a r s h a l l ,  J .  L. Rabb, C. B.
S i n g l e t a r y ,  D. L. R ob inson , L. W. S lo a n e ,  and  G. J .  T ra h a n .
1972. P e r fo rm a n c e  t r i a l s  w i th  g r a i n  sorghum h y b r id s  i n  L o u i­
s i a n a .  Agronomy R e se a rc h  R e p o r t  No. 26 .
T i p to n ,  K. W ., D. L. R ob inson , J .  L. B a r t l e s o n ,  J .  G. M a r s h a l l ,  J .  L. 
Rabb, C. B. S i n g l e t a r y ,  and L. W. S lo a n e .  1973. P e r fo rm an c e  
t r i a l s  w i th  g r a i n  sorghum h y b r i d s  i n  L o u i s i a n a .  Agronomy Re­
s e a r c h  R e p o r t  No. 31.
V o i g t ,  R. L. 1966. B i r d - t o l e r a n t  sorghum b o o s t  t a k e  home y i e l d s .  
P r o g r e s s i v e  A g r lc .  i n  A r iz o n a  18 ( 2 ) :  3 0 -3 2 .
W a l l ,  J .  S .  and C. W. B l e s s i n .  1970. C om pos it ion  o f  sorghum p l a n t  
and g r a i n .  In  Sorghum P r o d u c t i o n  and  U t i l i z a t i o n .  A v i.  Pub­
l i s h i n g  C o . ,  I n c .  C o n n e c t i c u t  118-166 .
W a n ja r l ,  R. R. and J .  0 .  York. 1972. I n h e r i t a n c e  o f  brown p e r i c a r p  
and s u b c o a t  i n  sorghum . Crop S c i .  12 ( 6 ) :  8 1 9 -822 .
W i ls o n ,  C. M. 1955. The e f f e c t  o f  s o i l  t r e a tm e n t s  on th e  t a n n i n  co n ­
t e n t  o f  s e r l c e a  l e s p e d e z a .  A gron . J .  47: 8 3 -8 6 .
69
Y ork , J .  0 .  and R. L .Thurm an. 1962. AKS 614 h y b r id  g r a i n  sorghum.
A rk an sas  Farm R esea rc h  4 ( 4 ) :  4 .
Y asum atsu , K . , T. 0 .  M. Nakayama and C. 0 .  C h i c h e s t e r .  1965. F l a -
v o n o ld  o f  sorghum . J .  Food S c i .  30: 66 3 -6 6 7 .
VITA
The w r i t e r ,  BASIL10 BAQUIRAN MABBAYAD, was b o rn  on June  14, 1937 
In  Bayombong, Nueva V iz c a y a  P h i l i p p i n e s .  He r e c e iv e d  h i s  e a r l y  e d u c a ­
t i o n  in  Bagabag, Nueva V iz c a y a  and g r a d u a te d  from A uro ra  High S choo l 
in  1955.
He o b ta in e d  h i s  B a c h e lo r  o f  S c ie n c e  i n  A g r i c u l t u r e  (H o n o r 's  
c u r r ic u lu m )  and M a s te r  o f  S c ie n c e  (Agronomy) d e g re e s  from th e  U n i v e r s i t y  
o f  t h e  P h i l i p p i n e s  C o l le g e  o f  A g r i c u l t u r e  i n  1962 and 1967, r e s p e c t i v e l y .  
He h a s  h e l d  v a r io u s  p o s i t i o n s  in  th e  D ep a r tm en t o f  Agronomy, U n i v e r s i t y  
o f  th e  P h i l i p p i n e s  C o l le g e  o f  A g r i c u l t u r e  from  R e se a rc h  A s s i s t a n t  to  
A s s i s t a n t  P r o f e s s o r  o f  Farm C rops .
The w r i t e r  was a  R esea rc h  S c h o la r  o f  th e  I n t e r n a t i o n a l  R ice  
R esea rc h  I n s t i t u t e  a t  Los B anos , Laguna P h i l i p p i n e s  from 1964-66 . In  
A ugust 1971, h e  was aw arded  a  R o c k e f e l l e r  F o u n d a t io n  s c h o l a r s h i p  to  
p u rsu e  a  P h .D . d e g re e  in  Agronomy a t  th e  L o u i s i a n a  S t a t e  U n i v e r s i t y .
He i s  a member o f  th e  f o l l o w in g  l e a r n e d  s o c i e t i e s ;  Gamma Sigma 
D e l t a  Honor S o c i e ty  o f  A g r i c u l t u r e ,  P h i  Sigma B i o l o g i c a l  Honor S o c i e t y ,  
Crop S c ie n c e  S o c ie ty  o f  t h e  P h i l i p p i n e s ,  and Weed S c ie n c e  S o c ie ty  o f  
th e  P h i l i p p i n e s .  He i s  an  a u t h o r  and  a c o - a u t h o r  o f  14 s c i e n t i f i c  
p a p e r s  p e r t a i n i n g  to  r i c e  p r o d u c t i o n  in  th e  P h i l i p p i n e s .
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